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FOREWOkD 


^HE decision to publish an English tr^lation, in full, of 
the original text is, in the first place, justified by the preface 
to the Geiynan edition. It is, in 1922, found worth while to 
put on record the results of an elaborate investigation extend- 
ing, with the interruptions of force majeure, over a working 
period of ten years ; the subject is rightly judged of sufficient 
importance to a leading industry, as a permanent contribution 
to its scientific technical foundations. This will be oonfiiined < 
by the British papermakers, certainly as a pious opimon; 
But the opportunity afforded to workers to study, at first 
hand, and in practical detail, a model experimental investiga- 
tion involving and illustrating first principles of the paper- 
makipg art will have many useful results in carrying on 
from the stage of opinion to that of convictiop. As a model, 
it will commend itself as a demonstration of both the capa- 
bilities and limitations of the well-equipped mill laboratory 
in solving a problem in manufacturing developments com- 
plicated by the many factors involved, and aiso of the 
objective spirit and method of inquiry expressed in the aim 
to arrive at the truth, the whole truth if possible, in any case! 
notHin^ but the truth. The results recorded must be 
studied-all together, thatds, in each section in regard to the 
particular aims, and then, for the whole matter, int^rally, 
amd in relation to the science of colloidal matter, of which' 
the. cellulose arts and manufactures afford the most important 
illustrations, as well as the most attractive prospects of 
development by discovery and invention. 

The results will be found to establish a strong case lor me 
more general adoption of the laboratory method of critical 
control of the miU operations. For the chemis^, with the 
added qualification of manual craffsm^ship m making • 
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stteet samples from prepared stuff, is in the positioff, all the 
time, of the navigator of the ship, that is, in regard y> routimi 
production ; and in regard to competitive invention he 
S in “ wireless ” communication with centres gfcientific- 
technical activity all over* theVorld past and present. . • 

The empiric, with a more prejudiced ohtlOokf may iJe inclined 
rather to emphaSise^the limitations of the laboratory meth<^. 
But the investigator himself is fully aware of these, and itk^ 
such a way as to express them in exact terras. Moreover, he ,, 
can critically consider the problem as to the trend of these 
limitations in respect of the wider outlook. 

Thus in the present case : the comparative experiments give 
results with their own internal evidence of reliability ; these 
, establish. positive advantages of silicate sizing, and the 
conditions for optimum results. But always in reference to 
the scale of the operations and the method adopted, particu- 
larly the use of the beater as a mere mixer. In reasoning 
from the small scale to operations on the mill scale, the time 
and mass factors require to be evaluated, also the factor of 
the beating process proper in influencing the interactions of 
the colloidal components of the “ furnish.’' 

It has also to be taken into consideration that the sizing 
of papers is after all only an auxiliary treatment, and, there- 
fore, of secoifdary importance to the major operations of 
preparation of the stuff. In the older technology of paper- 
making, moreover, the sizing effects were regarded as qualities 
added by way of the agents employed. Since the definite 
recognition of these effects, together with the.whol^ of the 
reactions of the papermaking process — ^from raw material 
to half stuff, followed by beating preparation, thence to sheet 
or web of paper — as effects and intejactions of'colloi^l 
matter, they are regarded as phenomena interdependent with 
^thiji^of the components of the fibre substances, which 
obviously condition the major effects. 

Therefore, in applying the results of the brochure, and the 
author’s conclusions to mill problems, the first difficulty to 
be metis td decide^whether the effects established will 
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on mill-iwjale operations. The new conditions may obviotisly 
^etermine^'a greater or less^ realisation. 

. Thus, as an illustration, the question of news print a 
section, *^^d an important one, of printing papers. Since the 
beating .preparation of this fflmish is rather of the order of 
a mixing* process am^the duration of treatment is relatively 
short, as ih the aulhbr’s experiments, the data' of the brochure 
snould furnish a basis for practical realisation of their results. 

On the other hand, (a) the “ furnish ’’ replaces 70-80% 
of the cellulose pulp by ground wood or lignocellulose | 
and (b) for a laboratory “ filtering ” operation, in forming 
the sheet frcyn the beater-mixed “furnish,’’ substitutes a 
machine* operation at high speed, with very large dilution 
of the stuff by the carrying water with its complement of 
back water. 

It is important thus to set out a critical difficulty which* 
at once confronts the operator. The difficulty in respect of 
(a) can obviously be resolved in part by an extension of* the 
author’s methods to ascertain the relative reactivity of 
lignocellulose in relation to silicate, including the silica 
hydrosol and hydrogel. 

In regard to (6), the question of fixation and ret^tion of 
silica or silicates as hydrogels — in union with the relatively 

free ” fibre furnish — against the draught of the carrying 
water through the machine wire, is a complex problem. 
Some of the factors can be studied by laboratory methods, 
and the results applied to secure the optimum condition 
of thq preQipitated hydrogels. But there will remain a 
“suspense account ” in the balance sheet, probably only to 
be brought down on the right side by persistent systematic 
study hi which the mill becomes for the time a laboratory 
oh the 1000/1 scale. 

The purpose of this very slender discussion |s' merely to 
point out how the papermaker can take advanta^of an^ 
investigation such as the preseht. With long experience it 
has become increasingly e^ent to the writer that the exact 
methods of science and the ly^boratory are usefni a^di avail*. 
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aBie up to a point by the craftsman ; and his craftsmanship 
is strongthened by the study, not supplant)^. 

Butvthe craftsman will see further than the laboratory 
i^rator in the actual realisation of processes. There is 
thus a strong case made out to enlist the actiye'tcp-operjt- 
tion of the craftsmen of the art in extending tjie scope of the. 
author’s investigations and applying the results and data to 
a wide range of papers. ^ 

As a practical example : a mill producing- papers (3^ 
the printings-writings classes, cellulose papers, free fron^ 
“ mechanical ” with a preponderating percentage of wood^ 
cellulose. It is evident that, taking the fuUy -beaten “furnish,” V 
the effects set out by the author could be realised in the last 
thirty to sixty minutes before letting down ; that is, the 
procedure adopted could be applied in the beater, having 
■the roll up, and using it as a mixing machine. It may be 
presumed that similar effects would be obtained as in the 
bixichure. 

But it would appear that silicate added in the earlier 
stages, that is, at the beginning of beating, might be brjoiight 
into a definite reacting relationship with the fibre components : 
thus, in‘ the earliest stage, it is quite clear that the addition 
of silicate of soda would assist the mere disintegration of the 
sheets of wood. pulp, and also the emulsification of the resin 
impurity, which may be anything from 0-8 to 1*4 in. sulphite , 
pulps. Having got the furnish into uniform mixture, it is 
quite probable that reactions may continue as between 
the silicate and the celluloses, espeqially the hemi-ceUuloses 
of the wood cellulose or pulp. In this way a more intimate 
union may be contracted, and when the component is intro- 
duced for the pitrpose of decomposing the silicate and fixic^ 
the silica, a much more intimate union of the silica or silicate 
may be determined. 

Sucff*operations could be done with no disturbance to the 
mill routine, and if a definite fraction of the furnish were 
removed at successive periods and specimen quantities made 
into sheets di uniform ^ight on the mould, to be afterwards 
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tasted, the progress of the effects could very readily Ife 
ofiserved apd reoqrded. 

. Observ^ion on the draining water from the mould carried 
out in |)hb laboratory would also give a clear indication of’ 
progr^siv^ fixing of the silica br silicate. All such observa- 
tions a^ slated •can be made without any interference with 
tig routine? of the mill. 

Those mills that are equipped more definitely for investiga- 
tion, as, for instance, by the provision of a model beater, 
could determine whether silicate of soda beaten with cellulose 
pulps in any way contributes to the hydration preparation 
of the cellulose. This is quite a probable result, in which 
case the * silicate would be a direct contributor to paper 
quality. 

If such effects were established it might be possible to 
make a special mixed colloid by bea ting together the cellulose * 
pulp, and the silicate to more extreme phases of hydration, 
and use the mixed colloid hydrate as an addition to beaters 
working on the ordinary lines. 

In the next place the relations of silicate to starch could 
be specially studied. It is already well known that silicate 
starch mixtures give very characteristic sizing effects in 
special classes of papers. These effects have only been got 
by the ordinary procedure by swelling thcr starch after 
addition of silicate and using this special silicate starch in 
the ordinary way, to be fixed by the addition of sulphate of 
aluminsr to the usual slightly acid reaction. 

Therq is stjH another suggestion : tliere has been, as we 
all know, endless discussion as to the optimum conditions of 
efficiency for rosin sizing. It is quite clear that these acid 
silicates have a special colloidal relationship to the resin 
colloids, and that mixtures require to be systematically 
studied both in regard to the ordin6,ry chemical equivalents, 
and the associated colloidal hydration factors ; from^which 
practical results would follow that of employing the silicate 
in association with prepared sizes. 

It is quite evident that tljese new silicates "are ,a very . 
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ecpnotnio form of the colloid, and can be made to cOntribtitS! 
in T^ous ways to the efficient sizing of papers,*, which a6o 
includes the improTement of the texture of the wet) or sheet. 
'Other secondary efEects, such as the fixation of loiuiing and 
the ipore complex effecfe of fixing colouring'-nllitters, are 
capable of ’development, the lines of-wMch.have'befen laid 
down in the brochure imder consideration. 

C. E. CROSS.l 



PREFACE TO GERMAN EDITION 

JfflS account of an investigation of the action of soluble 
silicates (water glass) in the sizing of papers is the consoli- 
dated publication of sectional articles which have appeared 
in the Papierfabrikant. The work was undertaken on behalf 
of the German Association of Silicate Manufacturers, and 
carried out ujoder my direction, with tho collaboration of 
Th. E. Blasweiler, at that time my assistant in the Institut 
fiir Zellulosechemie, Darmstadt. 

Begun before the war, it suffered a long interruption, to 
be resumed some time later. Post-war conditions have 
prevented a more timely publication, but this was decided 
upon in view of the facts that no publication on the subject had 
appeared in the meantime, and that the use of silicates in 
papermaking practice had been considerably extended. 

Moreover, the “ Vercin der Zellstoff und Papier Techniker ” 
had given their imprimatur to the work by the award to the 
author of the Society’s Special Prize. 

This deferred publication appears, therefore,*to be justified, 
and will, it is hoped, have a favourable reception at the hands 
of both papermakers and silicate manufacturers. 

EMIL HEUSER. 

Dakmstadt, Jammy, 1922. 
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INTRODUCTION 


^ a BubStitute lor rosin size, the cost of which is con* 
tinnally increasing, few of the inorganic* colloids are more 
suitable than the soluble potassium and sodium salts of 
silicic acid, kiown technically as water glass. The first 
experiments on the use of silicates for sizing were made as 
long as forty jears ago, but proved for the most part fruit- 
less, owing to the fact that they were based upon a miscon- 
ception of the properties of these “inorganic colloids.” 
Klemm, in his paper on “ The Mineral Sizing of Printing 
Paper ” (Wochenbhttfur Papierfabricaiion, Part 26, p. 1983), 
made .the earliest attempt to obtain a clear idea of the 
properties of the gels of colloidal aluminium compounds and 
of their value in relation to what is perhaps the most 
important class of paper, that used for printing. 

The conception of “ size-resistance ” (Leimfestigkeii) has 
in the course of time become very indefinite. It has* been 
applied too generally in the sense of resistance to the pene- 
tration of aqueous inks, even in connection with printing 
papOTS, where the idea involved is actually that of resistance 
to oily liquids or printing varnish, together with the effect 
.of oohaptfbting the fibre and filling material in the paper 
substance. . . ’ 

Klemm, in a circular to the members of the German 
l^permakers’ Association in November, 1907, communi- 
ca^ the practical details of his experimental work on 
Jtoeral Sizing of Printing Paper,” and later, in his publica- 
tion on “ The Problem of Rosin Substitutes,” before the 
Ccmgim of the “ Verein der Zellstoff und Papierchemiler,” 
in 1009, he recommended mineral sizing for printing paper. 

At this iimfl we find the first patent for the applicatum 
iff water glass, by Adolph JVanckt oi^ Charlottenbuig. • 

XV 
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Resides the use of fluosiKcates, mentioned in the mSkin pa^t 
as .the essential feature, the precipitation of fltlpsilicatas 
potash and soda glass, or one of these, is cfaimed in a 
subsidiary patent. Sizing with fluosilicates will nOI^ be dealt 
within the present work* sin8e, according to the statement of 
the patentee, his experiments on 'this subject were not 
completed. * * I ^ 

In the WocheMiit fur Papi^fahrikation* 1907, Part 35, 
p. 2868, an anonymous author contributes a paper^on the 
use of the so-called “ Heufeld calcined alkaline\ earth 
sulphates,” whose silicic acid content serves as a ^filling 
material and helps to increase the whiteness and glaze Of the 
paper. 

Under the heading “ Details of Manufacture,” another 
anonymous author (WocJienbhiU, 1907, Part 52, p. 4234) 
states that the use of silicate sizing, in conjunction with 
special furnish and suitable beating of the pulp, prevents the 
printing paper from becoming too hard. 

Klason {Papierzeitung, Part 34, p. 1315) used sulphite 
liquor for precipitating silicate ; in this process* calcium 
silicate separates out. The paper was yellowish, but the 
rattle and surface were improved. Those two properties 
will be discussed by the author in connection with precipita- 
tion in the paper as aluminium silicate by means of alum. 

In 1911, under the heading ‘‘Various Paper-s^g 
Materials ” (The Paperrmker's Monthly Journal, No. 4, 
p. 122), it is stated that a cheap size may be obtained by. 
spraying silicate on solid aluminium sulphate, djying and 
grinding, and using the product in conjunction with rosin. 

Two processes characterised by the use of water glass 
together with rosin for sizing formed the subjects of Gerpian 
patents in 1909 and 1911. The first, by A. Kuldkepp and* 
H. Graf, of Esthonia, claims the intimate mixture of silicate 
with^rosin, casein, or similar bodies at so low a temperature 
that no silica is precipitated. The second patent, by 
Sommer, pf Reval (No. 257,816), depends on the solulMlitv 
• • • to hqreaitor as WooheMxtt, 
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of ,findy ^powdered or emulsified rosin in cold solutions of 
Bases or basic salts, in particular a solution of silicate. ’ 
Both processes will be dealt with in the course of the 
foUo'Vfing work. Mention may be^made of the description 
of the. firsf process in the Wochevhlatt for 1912, Part 24, 
p. 2230! * / 

tp an Austrian patent assigned to the Norgine ’’ 
Chemical Works by Victor Stein, of Aussig-on-Elbe, July 9th, 
1911, the upe of water-soluble colloids from seaweed, together 
with an inorganic colloid, is protected. 

Ernst Fues (Hanover, December lj>th, 1910) filed an 
application for a patent for ‘‘a method of precipitating 
dissolved colloidal organic substances for paper sizing, etc., 
depending upon the treatment of the solution with silica 
compounds in the presence of acids or salts ’’ {WocherAlMt^ 
1913, Part 14, p. 1223). Klemm remarks, in this connection, 
that silicate sizing had already been successfully applied by 
him prior to December 10th, 1910. 

Fairly complete details of combined starch and water 
glass effects have been published by Wrede {WochevbhiUy 
1913, Part 10, pp. 835 ff.). In his method for so-jpalled 
mineral-starch sizing ’’ for printing papers, starch and 
water glass were heated together, and precipitation of the 
mixed colloid was effected with a large excess of aluminium 
sulphate. According to Wrede, a loss of from 30-40% of 
starch occurs in this process, but Fues obtained a practically 
» quanlitafive precipitation of the colloid by very accurate 
neutralisation; • 

For the sake of completeness, mention must be made also 
of D.R.P. No. 258,181, of Adolph AUihn, for the preparation 
of art printing papers. In his process boiled starch, in oon- 
^jimction with alkali silicate, is used as a binder for the 
pigment, the solution being partially or completely precipi- 
tated by acid compounds or other substances capable of 
precipitating silica. The advantages of papers produced 
with this sizing over papers coated with casein are, among 
nthers, better inking capacity «and iribre^even distribution 
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of the ink over lai^e surfaces, resistance of the glSs^ to t^he 
pressure of the block, and, above all, so great an absorbi^ 
powel? for ink that no interleaving is necessaryi 

The possibility of using the purely adhesive actioh,of .water 
glass is indicated in an answer to a correspondent in Wochen- 
hlatt, 1910, Part 30, p. 2717, on metliods for preventing the 
disintegration of asbestos-cement boards prepared on«^lj^ 
cylinder machine. ‘ ? 

In Part 46 of WochenblaU, 1913, p. 4260, th^ possibility 
of mineral sizing of printing papers with water glass an<i 
magnesium sulphate is discussed. The experiments and,\ 
observations there mentioned will be referred to in the course 
of the following work. 

Under the heading “ What many People do not Know,” in 
Pdpierfabrikant, 1915, Part 2, p. 20, an anonymous author 
recommends the mineral sizing of printing papers with water 
glass and a certain amount of collidine, after previous -treat- 
ment with an alumina mordant. Various advantages are 
claimed for this method. 

Still another patent must be mentioned, that of Ernst 
Altmann (No. 283,761 of February 20th, 1916). In this 
patent a suspension of talc in gelatine, and in an addition 
patent (D.R.P. 288,106) the above mixture together with 
soda is claimed as a size for paper. In the principal patent 
one of the methods consists in the precipitation of the 
hydroxides of silica and magnesium contained in a hot 
suspension of the talc. In the subsidiary patent the method ■ 
is the precipitation of the alkaline silicate formed ‘from the 
mineral as an insoluble gelatinous hydrated silica. 

This method was one of those attacked in an article, 
“ Rosin Size and its Substitutes,” in Papierzeitung, 1)915, 
Part 90, p. 1729. The author, however, takes the resistance' 
to writing ink as the full measure of the effect of the sizing, 
although Altmann and others specifically mention the 
successful application of the sizing in printing papers. 

So much for the most important of the technical records. 
'In view of the impprtasice of mineral sizing and of the ciroum- 
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stance tfiat Kttle is known of the reactions which occur in 
ihe prooessC it ap|>eared desirable to subject to an exp^i- 
mental invbstigation in the laboratory the phenomena of 
simple mineral sizing and of combined (mineral and oi^anic) 
sizing,, and/alsD .to examine the particular practical processes 
Ti^hich fiave been proposed or adopted. 




THE • t)SE .OF SODIUM SILICATE 
Ft)R THE SIZING OP' PAPER 

CHAPTER I 

PURE MINERAL SIZING 

Sodium silicate is commonly known as “ water glass/* on 
account of its chemical similarity to ordinary glass. It 'is 
actually a glass in which the silicic acid is combined only 
with an alkali, and not at the same time with an alkaline earth 
or a heavy metal, and on this account it is easily fusible anft 
soluble in water. 

The water glasses of commerce vary in composition from 
the monosilicate, NajSiOj {== Na^O, SiOj), to the ^tra- 
silicate, NagSi^Og (=Na 20 , 4Si02). 

Before beginning a series of sizing experiments, it was 
necessary to ascertain the composition of the silicate to be 
used in the investigation. 

Analyses of the Polysilicates Used in the Work. — 
The analysis of silicate consists in the determination of the 
silica and total* edhali. 

(a) Determination of Silicic Acid . — Silicic acid is detar- 
mined by the ordinary gravimetric method of evaporation 
to drjfness in the presence of concentrated hydrochloric acid. 

' (6) Determination of the Total Alkalinity . — ^The total 
alkalinity is determined by titration, using methyl or|nge 
as the indicator. The original silicate solution of 37® to 40® 
B4 is diluted approximately 200 times. 

Tke following table gives the results of analyses of the 
material used in the present work : — * 
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* Sample. 

SiO, . 
percent. 

— 

NagO 

I per ceift. 1 

Ratio 

8iO,/N*,0.* 

(1) Sodium silicate (Henkel 



* . 

& Co.-, Dusseldorf) . 

26-60. 

•8-bfi 

.■3i8 

(2) Sodium silicate, 38° Be. solu- 
tion (van Baerle & Co., 

* 


{ 

Worms) . . 

26*20 

7-9.1 

\ 3-31 

(3) Sodium silicate solutions 
(P. Klaesi) 



\ 

(a) . 

14-47 

4-35 

3-33 

(6) . . . . 

15-05 

4*38 

3-44 


From the foregoing analyses it is seen that all four samples 
lie between the tri- and tetrasilicate, and are not specially 
prepared substances but the normal commercial product. 

In conclusion, there will be given also the composition of 
a monosilicate which was used in the same way for sizing. 
This strongly hygroscopic monosilicate, when crystallised 
with lOHgO, is also known as “ decasilicate.” 


Monosilicate supplied by van 
Baerle & Co., Worms (11° 
Be. solution) . 


SiOg 

NajO 

per cent. 

per cent. 

3-54 

3-62 

- 

* » 


Eatio 

SiOg/Na^O. 


0-98 


^ Sizing with Silicate. — ^The simplest method of carrying 
out the sizing operation with silicate consister in adduig to 
the paper pulp in the Hollander a given quantity of silicate 
an<^ after sufficient mixing, precipitating by the addition of 
aluminium sulphate (“ alum ”). The precipitate, consisting 
of aluminium siheate, is of a colloidal nature, and is adsorbed;, 
by the fibres in a state of extreme dispersion. A portion 

*€latio of weiglits, not molecular ratio. 
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of course, lost when the pulp is treated on the machine wire, 
wliile that p^ which is retained produces the sizing effect*. 

It appeared desirable first of all to investigate the reactions 
when no fibrous matter was pre^nt., 

ItooiPiTXyioiJ* wiTH.ALumNiuM Sulphate in.AbsbKob 
of' Fibee. — The 'first case which required consideration was 
that mi the precipitation of water glass with the best-known 
size precipitant, aluminium sulphate (“ alum ”). It was 
first necessary to find how far the reaction progresses, and 
also to determine the influence of dilution upon the ease of 
precipitation ; and the behaviour of the precipitate as 
regards solubiliQr. 

The precipitations in absence of fibrous material were 
carried out at the same concentrations as those employed 
later in actual sizing experiments. Various quantities of 
aluminium sulphate were added, to give neutral, weakly acid, 
acid, and strongly acid reactions respectively (tested with 
litmus paper). 

I. Neutral Precipitation , — 75 c.c. of silicate solution (van 
iSaerle & *Co.), 1:6 = 3*930 gm. SiOg, were dissolved in 2 
litres of conductivity water, stirred for half an hour, precipi- 
tated with 34 c.c. 10% aluminium sulphate solution and 
again stirred for half an hour. After standing for one hour 
the liquid, not yet quite clear, was decanted and analysed for 
SiOg. The flocculation was very slight. 

Took : 3*9300 gm. SiOg. 

Pound.: .3*8065 gm. SiOg. 

That is, 96*90% SiOg remained unprecipitated. 

II. Weakly Acid Precipitation , — ^The method was the 
same as before, but 42 c.c. of alum solution were used. The 
liquid decanted after standing for one hour was still milky. 

Took, : 3*9300 gm. SiOg. 

Found : 3*6904 gm. SiOg. 

' ISiat is, 93*90% SiOg remained unprecipitated. 

HI. Acid Precipitation,--The method was as before,* but 
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69 0 . 0 . of 10% alum solution were added, and the decanted 
liquid was quite clear. " 

Took : 3-9300 gm. Si02. 

Found : 1*0269 gm SiOj. 

Thus 26*11% Si02 remained unprecipitated'. 

IV. Strongly Acid Precipitation . — ^Method as before. 80 
0 . 0 . 10% alum solution were added. The deoanted^liquiS was 
as olear as water. 

Took : 3*9300 gm. SiO^. 

Found : 1*0879 gm. Si02. 

Hence 27*68% Si02 remained imprecipitated^ 

The precipitation of silicate solution by alum, regarded as 
a .chemical process, should proceed according to the following 
equation ; — 

3(Na20.3Si02) + Al 2 (S 04)3 = SNaaSO^ + Al2(SiOj,)s + 

6Si02. 

The silica may very likely be present, not as Si02, but as 
metasilicic acid, according to the equation : — 

, SiOj + H 2 O = H 2 Si 03 . 

The-course of the reaction would thus be 

3(Na2Q.3Si02) + Al 2 (S 04)3 + CHjO = SNajSO* + 
Al2{Si03)3 + 6H2Si03. 

Stoichiometrically, therefore, 3 molecules of silicate require 
1 molecule of Al 2 (S 04 ) 3 . 

According to the analysis, 100 gm. of 38° *86. water glass 
contain 7*912 gm. Na20. 

Therefore 16 gm. water-glass solution contain 1*1868 gm. 
Na20. This 1*1868 gm. NagO requires 2* 186 gm. Al 2 (^ 4 ) 3 . 

According to the gravimetric analysis, 2 c.c. of the 10% 
Al 2 ^ 04)3 solution contain 0*1013 gm. Al 2 (S 04 ) 3 . 

2*186 gm.of Al 2 (S 04 ) 8 are therefore contained in 43' 14 c,c. 
solution, and 16 gm. of 38° B4. water glass solution thus 
require 43*14 c.c. of the 10% aluminium sulphate solutaon. ' 
NW, it has been Shown In the above {uedpitation e^qteti- 
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th«ft only 34 c.c. of the aluminium sulphate solution 
ale actually iSquireS to produce neutrality. The acid reaction 
corresponding to the difference (4314 — 34) = 9*14 c.c. of 
aluminium sulphate solution, is caused by that of the meta- 
siiicio acid- HjSiOa, and the aluminium silicate ^ 2 ( 8103)3 
produced in the’readtion. NagSOi which is present in the 
solutipn is neutral in its reaction. 

The explanation for the incomplete precipitation of the 
silicic acid in the neutral and weakly acid experiments is 
now evident. In the former, the 34 c.c. of alum solution does 
not correspond to the amount required for complete re- 
action, while imthe latter, with 42 c.c. of alum solution, the 
necessary amount (45 c.c. = 43*14 + 1*86 c.c. for the 2 litres 
of water) was hardly reached. The silicic acid, therefore, and 
also the aluminium silicate appear still for the most part as 
hydrosols in the solution ; this explains the milky appearance 
and the slight degree of precipitation. A small excess of 
aluminium sulphate over that required by the equation' 
transforms the hydrosols into hydrogels which separate as a 
flooculent* precipitate which settles readily, as shown by the 
experiments with 59 c.c. and 80 c.c. of alum solution. ^The 
fact that the precipitation in the latter case (80 c.c.) is less 
than in the former (59 c.c.) is to be ascribed to the solubility, 
small as it is, in acid or strongly acid salt solutions. 

In addition to the precipitation of polysilicates, an experi- 
ment with the monosilicate was made. The course of the 

leaotioh should be in this case as follows : — 

• ^ 

SNaJSiOg* + Al 2 (S 04)3 - SNa^SO^ + Al 2 (Si 03 ) 3 . 

According to this equation, 3 parts of Na 2 Si 03 require 
1 part of Ala(S 04 ) 3 . ^ solution of monosilicate (20 c.c.) 
contahiing 0*7164 gm. NagSiOg diluted in the proportion 
of 1 to 2 was precipitated. According to the above equation 
0*6700 gm. Al 2 (S 04)3 is required, t.e., 13*22 c.c. of the 
empirieal 10 % solution previously used. 

• After the addition of 11 c.c. Al 2 (S 04)3 solution, the 
: skeady showed a neutrri reaction 4o litmus. *The 
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slight precipitate which was formed settled %nly very 
slowly, and the supernatant liquid was iiulky.% 

In a second experiment 15-1 c.c. of aluminium sulphate 
solution (13-22 c.c. + 1-88 c.c. for the 2 litres of tP^ater) were 
added, to give an acid reaction. The precipitate settled 
quickly, and the liquid was clear. •* ' - , * 

From these two experiments it Is evMept, ujthout 
analysing the liquids, that the aluminium silicate also, 
which, according to the equation, is the only silicfi^ compound 
formed in this case, has a slightly acid reaction in its hydrosol 
form. In this case also it is therefore necessaty to add 
aluminium solution until the liquid is decidedly acid, in 
order to ooagulate the aluminium silicate and precipitate it 
in the jEorm of hydrogel. 

* The acid action of the aluminium silicate formed in the 
preceding reaction will now be calculated and expressed as 
cubic centimetres of the 10% aluminium sulphate solution, 
•We find that 11 c.c. aluminium sulphate solution by gravi- 
metric analysis contain 0-1013 X 5-5 = 0-557 gm. Al2(S04)8. 
Further, by the reaction equation, 1 molecule of aluminium 
sulphate (Al2(S04)3) corresponds to the formation of 1 mole- 
cule of aluminium silicate (Al2(Si03)3). We therefore have 
the relation 

Al2(S04)8 : Al2(Si03)3 = 342-41 : 283-10 = 0-657 : X 
X = 0-460 gm. aluminium silicate. 

The 0-657 gm. of aluminium sulphate therefore corresponds 
to 0-460 gm, of aluminium silicate. 'The.0'46(Kgm* alumi- 
nium silicate in the form of hydrosol has an acid reaction 
equal to (13-22 — 11) = 2-22 c.c. of the 10% aluminium 
sulphate solution. • ^ 

It is further of interest to calculate the acid reaction due 
to ^he aluminium silicate and silicic acid produced in the 
precipitation of the trisilicate ; the results are again expressed 
as cubic centimetres of 10% aluminium sulphate solution. 
Here again 1 molecule of aluminium sulphate corresponds tp. 
the formation ct 1 molecule of aluminium silicate. 
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For tbe formation of a neutral solution, as mentioned 
Itbove, 34 of»10% aluminium sulphate solution were 

required, containing, according to analysis, 1-722, gm. 
aluminium sulphate. Here also we have therefore the 
relation .... 

‘ Al2(S04)^ : ^12(8163)3 - 342-41 : 283-10 = 1-722 : X 

X = 1-423 gm. aluminium silicate. 

The experiment on the precipitation of monosilicate has 
already sh6\m that 0-460 gm. of aluminium silicate in the 
form of hydrosol has an acid reaction equal to that of 
2*22 c.o. of thp 10% aluminium sulphate solution. Accord- 
ingly, the acid reaction of the 1-423 gm. of aluminium silicate 
formed in the present experiment is equivalent to 6-87 c.o. 
of aluminium sulphate solution. 

Since now in the precipitation of tri silicate, as above * 
established, an acidity equal to that of 9-14 c.c. of aluminium 
sulphate was due to the combined effect of the aluminium 
silicate and silicic acid hydrosols, it is evident that 6-87 c.c. 
of this is due to the aluminium silicate hydrosol, while the 
remaining (9-14 — 6-87) = 2*27 c.c. is due to the silicic acid 
hydrosol. 

Summarising briefly the above results, we may say that, 
in the precipitation of mono- and trisilicatos with aluminium 
sulphate solution, it is necessary to continue the addition 
of the aluminium sulphate until the solution shows an acid 
real}tion*to litmus, since a suitable excess of aluminium 
aulphate is reqqired*to transform into hydrogels the hydrosols 
of aluminium silicate and silicic acid formed in the neutral 
solution and to cause them to precipitate. 

Expebiments on the Solubility of Aluminium Silicate 
. pEfecPiTATES. — In view of the great dilution which the mass 
of silicate-laden fibre undergoes in the paper machine, it 
appeared desirable to determine the solubility of the ^precipi- 
tates formed by alum and silicate of soda in large quantities 
of water. Under the conditions obtaining in j:he process 
it wotdd be expected that portion ^of the precipitate 
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Would redissolve, so that a certain loss of the precipitate 
in the sizing should be taken into account. 

In, the experiments care has been taken, as fqr as possiblej 
to choose conditions similar to those under which* the sizing 
itself takes place. Sinde the dilution at which .tte aqtual 
precipitation is carried out is small in comparison with 
the volumes of water dealt with in* the machine^ the 
precipitation of water glass with alum alone was^ carried 
out at relatively slight dilution — namely, 1 : 6-6— the 
addition of alum being continued to produce® a h^'itral, 
acid or strongly acid reaction. In that series of experi- 
ments the precipitate was not at first separated from the 
unprecipitated silicic acid. In the present experimen^ts, 
which are the first to treat of mixtures containing large 
qujantities of water, only a small proportion of the precipitate 
calculated as silicic acid was dissolved out, so that the 
liquid, decanted off from the precipitate as completely as 
possible, must contain as its chief constituent the unpre- 
cipitated silicic acid. 

A second treatment of the residue, consisting of the 
precipitate and adhering liquid, caused appreciable solution 
of th^ precipitate. By this decantation process, therefore, 
the total loss of silicic acid, and also the loss due^jbo the 
solubility of* the precipitate, compared with the amount 
added in the form of silicate, is obtained. Separate deter- 
minations of the silicic acid enabled the various solubilities 
to be found. • ' 

1. Neutral Precipitation , — 75 c.c,. of silicate solution (1:6) 
were made up to 100 c.c. with distilled water and precipi- 
tated with 34 c.c. of 10% alum solution. The whole was 
then made up to 6 litres with water in a large glass cylinder 
and stirred mechanically for an hour. After settling,. 
4 litres of the clear liquid were syphoned off and the silicic 
acid in this liquid determined. It is clear that the main 
portion of the silica found in the 4 litres is due to 
silicic aci4 which was unprecipitated in the first instance ; 
in addition there is^the ftnall amount which has been 
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iedissoli^ from the precipitate (on the addition of furthfer 
''Water). ,• * , . 

Used : 75 c.c. silicate (1:6), corresponding to 

■ 3-930 gm. SiOj. 

Found : 0-9698 gm.* Si(5a in 6 litres *= 24-68% 
'SiOa. • 

Th* silicic acid content of the 1 litre of liquid and suspended 
precipitate .remaining in the vessel must therefore amount 
to 3-9300 - 0-9698 = 2-9602 gm. 

The precipitate was then subjected to another treatment 
with water, 4 litres of water being added to the residue 
of 1 litre, bringing the volume again up to 5 litres. After 
stirring for an hour, 4 litres of clear liquid were again run 
off and a silica determination made. Here, also, the silicic 
acid remaining in the 1 litre of the first treatment as well 
as that in the 1 litre of the second treatment was taken 
into account. 

Used : 2-9602 gm. SiOj. 

Found : 0-1506 gm. SiOa in 6 litres of solution. 
Therefore the amount of precipitate dissolved is 5-09%, or 
3-83% of the amount of SiOj originally used for the precipita- 
tion (3-930 gm.). 

The total loss in the neutral precipitatioji is therefore 
24-98 -f 3-83 = 28-81%. 

n. Acid Precipitation. — 75 c.c. of silicate solution, 1 : 6, 
were made up to 100 c.c. and precipitated with 59 c.c. of 
alum solution to giye an acid reaction. The same operations 
were then cairied out as in I. The decanted liquids were 
now perfectly clear. 

Used : 76 c.c. silicate (1:5) = 3-930 gm. SiOj. 

Found : 0-3806 gm. = 9-68% SiOj. 

The precipitate remaining in the 1 litre of liquid, con- 
taining (3-930 — 0-3806) = 3-6495 gm. SiOj, was agai^ made 
up to 5 litres, stirred for an hour and allowed to settle. 

♦ In order to simplify the calculation, the SiO, content of thd 4 litres found 

Analysis is reckoned in with that of t|ie 1 Utr% remaining behind. * 



.10 SODIUM SILICATE FOE SIZING OF PAfUE ' 

The silicic acid was then determined in 4 litres of ^the dear 
liquid decanted off* 

. Used : 3-5495 gm. SiOg. 

Found : 0*1274 gm. SiOg in solution. 

The amount of silica in the precipitate dissolved is. there- 
fore 3-59*^^, or 3-24% of the SiOg originally ta^n. The 
total loss in the . acid precipitation is thereto^ 9-QS + 
3-24 = 12-92% SiOV 

III. Strongly Acid Precipitation . — 75 c.c. silicate solution 
{1:5) were made up to 100 c.c. and precipitated with 
80 c.c. of 10% alum solution to give a strongly acid reaction. 
The further procedure was then as in I. •and II. The 
decanted liquids were quite clear. 

.Used : 3-9300 gm. SiOg in 75 c.c. silicate (1 : 5). 

* Found : 0*4658 gm. = 11-85%. 

The precipitate remaining in the 1 litre residue, containing 
(3-9300 — 0*4658) = 3*4642 gm. SiOg, was stirred for an 
hour in a total of 5 litres of liquid and then allowed to settle. 
Four litres of the clear liquid were removed and analysed 
as before. 

• Used : 3*4642 gm. SiOg. 

Found : 0 0229 gm. SiOg in solution. 

Therefore thQ amount of precipitate dissolved is 0-66%, or 
0*58% of the SiOg originally used. The total loss in the 
strongly acid precipitation is therefore (11*85 + 0*58) = 
12*43% SiOg. • • * 

A comparison of the solubility, experiments VQlth those 
on precipitation shows that the precipitation is more com- 
plete in the concentrated than in the more dilute solutions. 
Unfortunately, this fact cannot be taken advantage of in the 
Hollander owing to the great dilution. Further, it is sh6wn . 
that the solubihty of precipitates in acid solution is much 
smaller than in the neutral precipitation. While the 
solubility of the silicic acid precipitated with a very great 
excess of a|um is smaller than in the case of the (moderately) 
acid precipitation,^ yet the sum of the unprecipitated and 
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<%fi6oIir€d portions is only (12*92 — 12*43) = 0*49% lower 
* tlian in tfee latter case. Regarded from this point of view 
the advantjp;ge gained by adding a large excess of alupi solu- 
tion would be only slight. 

.PRBCIPITAiyON WITH ALTJIifiNItrM SULPHATB IN PRESENCE 
• OF PaPer^Pcxp. — 'A^. an introduction to the present section, 
a qjiort sketch will be given of the method of carrying out the 
sizing experiments and taking the samples. 

As Alfred Lutz has remarked in his work on “ The Influence 
of Starcli on the Properties of Paper ” {Hauptversamm- 
lungshericht der Zellstoff und Papierchemiker, 1907), it is 
not possible; by drawing samples from the vat to imitate 
exactly -the conditions existing on the paper machine, 
particularly in respect of the circulation of the machine 
water. The consumption of sizing material is* made to 
appear more favourable than is actually the case in the 
machine process owing to the fact that in the drawing of the 
sample the excess water which passes through the wire flows 
directly back into the pulp, while on the machine it has 
usually to be led back by a more or less circuitous pipe 
system, with the consequent loss of size and filling material. 
The advantage of laboratory experiments over thosfe carried 
out in the mill is, however, that a whole series of experiments 
may be made under constant conditions in •order to obtain 
comparable results. The requirements of the experiments 
may in such cases be satisfied by the usual sampling process. 
The TSbrous material used was, with a few exceptions, the 
la gebleichJber Mitscherlich-Zellstoff of the Aschaffernburg 
cellulose factory, of Stockstadt-a.-M. This was beaten in a 
small Hollander of 30 litres capacity at a concentration of 
from 2*5 to 3*0%. At each fresh charge, samples were taken 
ci the unsized and unfilled pulp, in order to determine the 
influence of the slight variations in the various batches on 
handle, rattle, absorbent power, breaking length aifli stretch 
of the paper. In connection with the absorbent power, this 
was tested both for water and printing varnish, so as to 
obtain an idea of the suitability of thg sample for printing. 
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'In each experiment 2 litres of the pulp, oc^respohding to , 
50 gjn, of dry substance, were placed in a ^lass cylinder with 
stirrer, together with sodium silicate or the mixpd solution. 
The mixture was stirred for half an hour, then prebjpitated 
and stirred for another fialf ftn hour. The pirip wps then 
filtered on *i suction filter through a calico cloth a*nd|frashed‘ 
with tap water until the wash water amountod to al^put 
6 litres. • \ 

Por remarks on the making of the samples, reference 
should be made to the article in Papier-Fahrikant, No. 15, 
1921, p. 344, on “ The Taking of Samples by Hand in the 
Ijaboratory.” Tlie method mentioned at the. end of that 
article for t^e preparation of sheets smooth on one side was 
employed hero. 

The sheets were 17 x 18 cm. in size, and the average 
Veight, with a few exceptions, was 100 to 110 gm. per square 
metre. Por the determination of the strength of the paper, 
three sheets free from faults were chosen, and from each of 
these three strips were cut across the whole breadth, avoiding 
the extreme edges. By the method of sampling described 
in the above paper, and after some practice, the sheets were 
of such* good “look through” and uniformity, that com- 
parable tensile strength measurements could be made. It 
was of great importance to determine what propOTtion of 
the chemicals used remained in the pulp, that is, to estimate 
the absorption of precipitating material. For this purpose it 
seemed convenient to consider only one of the comj^oneiits. 
We, therefore, chose the silicate, or rather the siUcio acid used 
in this form, and the amount absorbed was determined by 
measurements of the SiOj content of the wash water. 

Expt. 1.-6% silicate of 37“ to 40“ B6. - 1-28% SiO,. 

Two litres of pulp, containing 50 gm. air-dried la bleachto 
Mitscherlich cellulose, were treated with 26 c.c. 1 ; 10 dilute 
/tsilicate Mution (Henkel & Co.) containing 2*5 gm. of silicate 
‘ of 37“ to 40° B6. The mixture was stirred mechanically Iot 
half an hour, and then precipitated with 36 c.c. of 10% alum 
solution to give an acjd ration. Stirring was then repeated 
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fdj balf ftn hour. The amount of alum added, calculated on 
the air-dried pulpj amounted to 7% of Al2(S04)3.18H20. . 

The pulp^fiized in this manner was washed on the filter 
with tap' water until the washings gave no reaction with 
barium chloride solution. ThI combined washings, amount- 
ing to about 6 litres,* -were evaporated in a water bath to 
abcpt 10 c.d., treated with concentrated hydrochloric acid 
and evaporated to dryness. The silicic acid was in this way 
determined as SiOg. 

In this l&rst sizing experiment, in addition to the SiOg the 
AI2O8 was estimated by the usual method of precipitating 
the boiling solution with ammonia. 

. Analysis of Wash Water, 

(a) Silicic Acid. 

Used : 2*5 gm. sihcatc, containing 0*64 gm. Si02. • 
Found in wash water : 0*46 gm. Si02. 

Thus 71% of the Si02 appears in the wash water, and 29% 
in the pulp. 

Calculated on the air dried pulp the absorption of Si02 by 
the pulp amounts to 0*36%. 

(5) Alumina. 

Used : 0*58 gm, AI2O3, according to volumetric 
analysis. 

Found in wash water ; 0*03 gm. AI2O3 (gravimetric 
. . , analysis). 

Thus 6% otthe AI2O3 ia in the wash water and 95% in the 
pulp. 

Calculated on the air-dried pulp the absorption of AI2O8 
by. the pulp amounts to M%. 

The 5% AI2O3 in the water may arise from the excess of 
^12(804)3 and corresponds to only 1-8 c.c. of the 35 c.c. 
aluminium sulphate solution added. 

Properties of the Paper, — Strength : Breaking length 
4,460 m., against 4,200 m. for the unsized paper. Stretch 
alu^ost the same in both case^ about 3*^6%. 
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'Handle and rattle : Better than with the unsized ^ciample^ 
Capillary rise in 1 hour at 20° C. 

Water : Mean of three readings, 27 mriJ. Printing 
varnish : Mean, 8*8 mm. 

Colour : As white as that of the • uifsized papei*' The' 
experiment shows that only a small proportion of thi^ wi^er 
glass or silicic acid is retained in the pulp, in spite of the care 
taken to ensure complete precipitation. 

It seemed likely that the use of a larger quantity of silicate 
and a correspondingly greater amount of alum would lead to 
better results. 

ExpL 2 .— , 10 % 37 to 40° Be. sUicate — 2*56% SiOa- 

The silicate was precipitated with 41 c.c. of 10 per cent, 
aluminium sulphate solution, i.e., 8 * 2 % Al 2 (S 04 ) 3 . 18 Ha 0 , 
calculated on the air-dried pulp. The mixture then gave 
an acid reaction. 

The sizing was carried out under the same conditions as 
in Expt. 1 . 

Analysis of Wash Water. 

(a)^ Silicic Acid. 

Used : 5 gm. silicate 37° B 6 ., containing 1*28 gm, 

SiQ,. 

Found in wash water : 0*68 gm. SiOa. 

Thus 53% SiOa remains in the wash water and 47% in the 
pnlp. 

Corresponding with this better yield, the amount of SiO^ 
absorbed is 1 - 20 % calculated on the air-dried pulp, i.e., 
about four times the value obtained in Expt. 1 . Neverthe- 
less the characteristics of the paper have only slightly altered* 

Characteristics of the Paper.—Strength : Breaking length 
4,500 m. against 4,200 m. for the unsized paper ; stretch 
unaltered, 3-40%. 

Handle and rattle : Better than for the unsized paper, and 
also a little better than in Expt. 1 , 

•Colour : White a%the*unsized paper. 
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Gbpillafy rise in 1 hour at 20° C. 

* *5 

W^er : Mean 30*6 mm. 

Printing varnish : Mean 8*7 mm. 

Expt. 2 a . — ^This experiment jvas carried out with silicate 
suppliedLby ‘Klkesi, the method employed being that recom^ 
mended by him, consisting in a preliminary treatment with 
alunf solution, and addition of the silicate a few minutes 
before emptying the Hollander. A quantity of silicate was 
used containing the same amount of SiOg as that in Expt. 2, 
so that the result of sizing with this sample might be com- 
pared wi^h that of Henkel’s product. 

Two litres o*f liquid, containing 50 gm. of air-dried pulp, 
were treated with 41 c.c. of the 10% alum solution, i.e., 
8*2% Al2(S04)3.18H20, calculated on the air dried pulp. 
The mixture was stirred for half an hour, and 8*54 gm.‘ of 
silicate solution II. (24^ Be., containing 1*28 gm. SiOg) were 
added* The mixture was stirred for another two minutes, 
and then filtered, washed, and sampled. 

Analysis of the Wash Water. 

(a) Silicic Acid. 

Found in wash water : 0-70 gm. SiOg. 

Thus 55% Si02 is in the wash water and 45% in the pulp. 

Calculated on the air dried pulp this corresponds to an 
absorption of 1*16% Si02. 

There thus appears to be no essential difference between 
this aUd Expt. 2. The characteristics of the paper were the 
- same as m Expt. 2. Since the fraction of SiOg remaining 
in the pulp was greater in Expt. 2 than in Expt. 1, the pro- 
perties of the paper being also somewhat better, a further 
incr^se in the amount of silicate was tried. 

This time silicate from van Baerle & Co. was used. Accord- 
ing to the analyses previously given, this contained 7*91% 
Ka20 and 26-20% Si02. According to the inforffiation 
supplied by the makers, the product contained 64*55% HgO, 
md therefore 100 - (64*55 + 26*20 -f 7*91) = 1*34% is 
due to impurities (sodium sulphate, traces pf sodium chloride; 



.16 SODIUM SniCATE ^OR SIZING OF PABEB 

<• 

ilt>n and alamina). 100 gm. of silicate of 38° B4? contain 
therefore ' 

100-00 gm. 

— 64-66 



== 35-46 gm. anhydrous poly^ilicate atid, iinpufifies. 

% 

10 gm. of solid glass are therefore contaihed in- 28*21 of 
38® B6. solution. ^ 

A solution of 282*10 gm. 38° Be. solution was therefore 
made up to 1,000 c.c. with distilled water, and’ used for the 
next experiment. 

ExpL 3. — 10% solid glass — 28*21% silicate * solution 
38® B6. = 7-40% SiOg. 

The sizing was carried out as in Expt. 2. The pulp was 
stirred f6r haH an hour with 50 c.c. of silicate solution, con- 
’ taining 6 gm. solid silicate, and precipitation was effected 
with 55 c.c. of 10% aluminium sulphate solution, i.e., 11% 
•^.2(804)3. 18H2O, calculated on the weight of the air-dried 
pulp. The solution then showed an acid reaction. 

Aruilysia of the Wash Water. 

(a) Silicic Acid. 

Used : 6 gm. silicate, containing 3*70 gm. Si02. 
Found in the wash water : 1*05 gm. SiOg. ^ 

c 

Thus 28% Si02 passes into the washing water and 72% into 
the pulp. 

Calculated on the air-dried pulp the SiOg content amounts 
to 5-30%. . • w... . 

Properties of the Paper. — Strength : Breaking length 
4,760 m. against 4,380 m. for the unsized paper. The 
stretch has risen slightly, from 3*03% for the unsized papei 
to 3-22%. 

Handle and rattle ; Better than the unsized sample. 
Colmr : White, as before sizing. 

Capillary rise in 1 hour at 20® C, : 

Water : Mean 30 mm. 

Printing ;|^arru8h : M^an 10 mm. 
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^ .This experiment therefore gave a very much better result 
than the Receding ones. The assumption that this is* due 
to the use oi the chemicals in greater concentration is there- 
fore justified. The increase ip strength is not directly pro- 
portioaml; biit'a proportional increase in strength is not to 
be expected on a jiriori grounds. 

Soopt. 3a. — In order to test the second sample from 
Klaesi as to its special suitability for sizing, an Expt. 3a, 
parallel with Expt. 3, and using the same amount of SiOg, 
was performed, analogous to 2a. 60 c.c. of 10% aluminium 
sulphate solution, i.e., 12% of Al2(S04)3.18H20 calculated 
on the*air-dty pulp, were added and stirred for half an 
hour. 

Shortly before filtration and washing, 25-54 gm. of silicate 
solution I. of 23"^ Be. were added. This amount correspo'nds . 
to 3*70 gm. Si02. The wash water was not analysed. 

Properties of the Paper , — Strength : Breaking length 
4,600 m. against 4,300 m. for the unsized paper. 

Handle and rattle : As with the sample from Expt. 3. 

Coloilr : White, as in the unsized paper. 

Capillary rise in one hour at 20® C. : 

Water : Mean 35-7 mm. 

Printing varnish : Mean 7-7 mm. 

From the results of the experiments on the precipitation 
of silicate solutions with aluminium sulphate in the absence 
of ‘paper* fibres, and on the solution of the precipitates so 
formed (see^afeove) It seemed desirable to see whether a more 
complete precipitation, and therefore a greater absorption 
could be obtained by using a greater excess of aluminium 
sulphate solution (strongly acid precipitation). 

The following experiment was therefore made : — 

Expt. 3b. — 10% of solid silicate = 7-40% SiOg was used. 
The method of working was the same as in Expt.*3, but 
100 c.c* of aluminium sulphate, i.e., 20% Al2(S04)3.18H20 
calculated on the dry pulp, w^ere used, so as to give a 
\0tirong!y acid reaction on precipitation.* 

8.S, 


.0 
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Analyais of the Wash Waier. 

• (o) Silicic Add. 

Used : 3-70 gm. Si02. 

Found in the wdsh \rater : 1‘20 gm. SiO^ 

Thus 32% SiOg pass into the water and' 68% into tke pulp*. 

This resTilt showathat an excess of the precipitating agents 
exerts no beneficial’ effect. Not only is the yield of SiOj no 
greater, but it is actually about 4% less (68 against 72%). 
It would appear that in acid or strongly acid salt solutions 
the precipitated SiOj is soluble, though only to a small 
extent. For practical purposes, Expt. 3b has no significance, 
since the amount of Al2(S04)3 used bears no relation to the 
absorptipn of silicic acid obtained. 

The amount of SiOg taken up, calculated on the air-dried 
pulp, is 6'00%. Thus, if acid precipitation is chosen for 
practical use, it is necessary to allow for a loss of about 30% 
on the silicic acid employed. Part of this loss may evidently 
be avoided by regeneration and repeated use of the wash 
water. 

Inp^uenoe of Silicate Sizing on the Absorption of 
Loading by the Paper. — It was next desirable to determine 
how far the “ adhesive action ” of the precipitate of..vtrater 
glass was able to increase the absorption of loading by the 
paper above that of unsized pulp, or pulp sized by other 
methods. Both talcum and china clay were added to the 
paper, the addition being carried out before prebipiiation 
with alum. 

Expt. 3c. — 10% solid silicate and 20% china clay. 

The method of working was the same as in Expt. 3. After 
the silicate solution had been added, the loading material 
was added in the form of a paste, and the mixture stirred for 
half an hour. The alum solution, amoimting to 11% 
Al8{S64)8.18H20 on the air-dried pulp, was then added, and 
the stirring continued for another half-hour. The mixture 
was then filtered, and washed imtil the filtrate amounted to 
6 litres. 
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(1) Absorption ^of Loading . — ^The amount of loading 
retained m^flie paper was determined by incineration. The 
ash due to s^ing with 10% silicate solution was estimated 
on sheets' from Expt. 3, and subtrficted from the total ash 
ash frpmr -silicate sizing -f ash from loading material). 
The loss in weight of the china clay used on heating was also 
determined, and taken into account in calculating the 
“ absolute quantity of loading,” i.e., thfe actual amount of 
unheated, air-dried loading. All ash determinations and 
measurements of loss on heating were carried out in a plati- 
num crucible in a Herseus electric oven. All values are given 
relative lo air^dried pulp (with 65% relative dampness of air). 

The following results were obtained : — 

Ash from sized but unloaded paper = 2-63%. 

Loss of weight of china clay on heating = 13-51%. 

Ash from sized and loaded paper = 13-33%. 

This 13-33% ash represents 10-80% of ignited loading 
(since 2-63% is ash due to sized paper). 

Allowing for the loss of weight on ignition, this becomes 
12-26%'of actual china clay, or 61-30% of the clay used. 

For comparison with the above, two other samples were 
prepared, and loaded without being sized. In Expt. 3o' 20% 
of china clay was added to the unsized pulp, and in 3o" 
aluminium sulphate solution was added as w6U as the filler 
until the solution showed an aoid reaction. 

Expt. 3c'. — 20% china clay. 

The clay was added to the pulp in the form of a paste. 
Stirring wtes continued for one hour, and the mixture was 
filtered and washed until the wash water amounted to about 
8 litres. Sampling was performed as usual at a dilution of 
about 1 : 1,000. 

An ash determination gave 8-62% ash. 

In order to complete the statistics, the ash of the unsized 
Mul unloaded paper must first be found. 

For this estimation, in order to avoid any source of errta, 
odfiulose paper was used which not only consisted of the 
flame raw material, but had also received the same treatment 
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i^th r^ard to filtering, washing and sampling as "the sized 
and loaded papers. 'o 

The cellulose ash found in this way amounted to 0*42%. 

The 8*62% of ash frqm the above paper therei^ore con- 
tained (8*62-0*42%) ignited ^ina clay, i.e. (J8*20 -h 1*11^ = 
9*31% actual china clay (allowing for loss on heatihg). 

Thus 9*31% of china clay, or 46*55% of tho^amou^t gsed, 
remains in the paper. \ 

Expt. 3c". — 20% china clay + 1*8% Al2(S04)3Aq!( 

The experiment was canicd out as before. After Ijalf an 
hour’s stirring 9 c.c. of 10% Al2(S04)3 solution were added, 
to produce an acid reaction, and stirring oontinued for 
another half-hour. 

An ash determination gave 9*40% ash. 

Subtracting from this 0-67%, the value for paper unsized 
and unloaded, merely made acid with alum, gives 8*83% of 
ash corresponding to ignited china clay, or (8*83 -f 1*19) = 
10‘02% actual china clay. 

The paper had therefore retained 10*02% of china clay, 
or 50*10% of the amount originally added. 

Results. — (1) Retention of Mineral Loading. — Collecting 
the various values, we have : — 

Sample 3c' : Unsized and loaded : 9*31% china play in 
the paper = 46*55% of the amount added. 

Sample 3c" : Loaded and treated with Al2(S04)3 : 10*02% 
china clay in the paper = 60*10% of the total. 

Sample 3c : Sized and loaded : 12*26% china day in the 
paper = 61*30% of the total. 

The increase in the retention of loading with the silicate 
sizing thus amounts to 1 1 % (calculated on the original amount 
of china clay) over that obtained with paper treated ^th 
Al2(S04)3 and 16% over that with totally unsized paper. 

(2) Properties of the Paper. — Strength : The breaking 
lengtlf of the sized and loaded paper was 3,780 m., and thus 
reaches practically the same value as that of the unsized and 
unloaded original material (3,800 m.). Sample 3o", loaded ' 
^th clay and tre8.ted<with alum, shows on the other hand» 
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as, might be expected, less strength than the unsized and 
unloaded pfe^er, the value being about 1,600 m. A com- 
parison of the figures shows quite clearly that silicate Sizing, 
in addition to its good effect on ioading, counteracts the 
diminution pf strength and ha^le produced by the addition 
Of loading alond. / * 

The stretch* of sized and loaded paper .was about 1% less 
than that of the unsized and unloaded paper, the value being 
about 2-63%. 

Handle and rattle were distinctly better in the sized and 
loaded paper than in that which had been loaded but not 
sized. The latter was decidedly flabby. 

The colour was white, as with the original mattrial. 

Capillary rise in one hour at 20° C. : 

Water : 

o c' c" 

Mean 46-3 mm. Mean 40 mm. Mean 35 mm. 

Printing varnish : 

0 o' c" 

Mean 9’33 mm. Mean 6’2 mm. Mean 7*0 mm. 

Expt. 3d. — 10% solid silicate + 20% talcum. 

The method was exactly as in Expt. 3c. The “ talcum ” 
in paste form was added shortly after the sih'cate. 

(1) Retention of Loading. — ^The loss of weight of the talcum 
on heating was first determined, and found to be 8-30%. 

An ^h jietermination on the sized and loaded paper gave 
' a mean of 16-49%. 

The 16-49%' of *ash fcorresponds to (16-49 — 2-53) = 

13-96% of ignited talcum (2-63 is the ash from the sized 
paper). The actual amount of unignited talcum is therefore 
(13-96 + 1-16) = 16-12%. 

The paper thus contained 15-12% of talcum, i.e., 75-60% 
of the quantity originally used. 

Eor comparison, samples were prepared with talcum 
alone, and talcum with aluminium sulphate. 

Expt. 3d'. — 20% talcum. 

After addition in the form of paste, the mixture was birred* 
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for ojie hour, filtered, and washed until the total *^a^hings 
amounted to 6 litres, when samples were taken.*' f 

The ash in the paper amounted to 10*94%, corr^ponding 
to (10*94 — 0*42)% of ignited talcum (0*42 gm. cellulose 
ash), or (10*52 + 0*91)% of ^tual talcum alter aUomng for 
loss on heating. • * * i ' 

The paper therefore contained 11*43% of taWxg, or 
57*15% of the amount originally used. \ 

JExpL Sd", — 20 % talcum + 1 * 8 % Al 2 (S 04 ) 3 . 18 Hab. 

Method as in Expt. 3c". 

The resulting paper contained 11*94% of ash, corre- 
sponding to (11*94 — 0*67)% (allowing for • cellulose and 
Al 2 (S 04 ) 3 ).= 11*27% ignited talcum, or (11*27 + 0*94) = 
12*21 of unheated talcum. 

•This represents 61*05% of the amount used. 

The paper was considerably firmer than the sample 
loaded with china clay. 

•’Results — (1) Retention of Loading, — ^The collected results 
are as follows : — 

Sample 3d' 11*43% talcum in the paper = 57*15% of 

the total. 

Sample 3d" : 12*21% talcum in the paper = 61*05% of 
the total. 

Sample 3d' : 15*12% talcum in the paper = 75*60 of the 
total. 

In this case also we find that the fixation for silicate smed 
paper, calculated from the amount of talcum used, li about 
15% higher than that of paper worked with aluminium sul- 
phate, and about 18% higher than-that of the unsized paper. 

( 2 ) Characteristics of the Paper, — Strength : The breaking 
length of the paper sized and loaded with talcum was aibout 
the same (3,610 m.) as that of the original unsized and 
unloaded material (3,638 m.). Sample 3d" on the other 
handt with talcum and alum, showed a diminution of 350 m., 
from 3,638 m. to 3,280 m. Here also it is seen that the 
silicate sizing both increases the fixation of filler and counter-* 
* the loss of sWength oaoeed by loading. 
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The stretch remained unaltered at 3-16%. 

‘Handle imd rattle were distinctly better with the silicate 
sized paper than with the paper containing* filler only. 

The colouY was again white, like that of the original 
mji»terial, . • * 

Capillar;J^ rises in oi\e hour at 20® C. 

Water : • 

.3d. 3d'. * 3d''. 

Mean 34-0 mm. Mean 32*0 mm. Mean 29*66 mm. 

Printing varnish : 

• 3d. 3d'. 3d". 

Mean 7*66 mm. Mean 6*0 mm. Mean 6*66 mm. 

Attention may here be called to a phenomenon which 
has no direct bearing on silica precipitation from silicate 
solution. In sample 3d" (talcum and aluminium sulphate) a 
diminution of strength corresponding to 350 m. of breaking 
length on that of the unsized and unloaded paper was 
observ.ed ; when china clay was used, although the retention 
was less, the diminution was 1,500 m. Further, in the case 
of paper loaded with talcum and sized, the stretch remained 
unchanged, while loading with china clay diminished this 
value by 1%. Besides giving a better §xation, talcum 
therefore also causes an increase in strength, that is, a 
distinct adhesive action. This may be due to the fact that 
talcumis present partly as a colloid, like silicic acid hydrosol, 
in the water.. With*aluminium sulphate, therefore, a slight 
precipitation may occur, which has the effect of a slight 
silicate sizing. In addition, as the experiments of Rohland 
have shown, the colloidal nature of talcum enables it to 
adsorb other colloids ; an adsorption of hydrated hemi- 
eellulose which is present to a greater or less extent in the 
beaten pulp may therefore take place. Both s)j|.bstanceS 
would then be precipitated on the fibres by the addition of 
alum solution. The strengthening qualities of talcum should 
therefore be ascribed partially to^ the^ fixing of the herni- 
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celluloses, and it is necessary to assume that this property 
is not exhibited by china clay. ' „ , 

As mil be seen later, this property of talcum, which is 
still more evident when the suspension is heated, is-effeotive 
in fixing in the fibre organic colloids added to it, 

Tecb Salteno-out of Silicic AciD,-^The experiments on, 
the precipitation of silicate solution with aluminiumj ral- 
phate have shown that in the best cases 72% of the eUioio 
acid (SiOg) used remains in the paper. It is desirable to 
aim, by using other precipitating agents or methods^ at 
obtaining a better absorption of silicic acid by the papety 
In view of the colloidal nature of solutions of silicic acid, 
and the strong hydrolytic dissociation of silicate solutions, 
an absolutely rigid application of the law of mass action is 
not possible, but from this point of view the salting-out of 
silicic acid with common salt seemed to be indicated as a 
feasible method. 

(a) Salting-out of Silicic Acid in Absence of Fibrous 
Material. — (1) An amount of silicate corresponding to 
3*70 gm. Si02 (according to Expt. 3) was dissolved in 2 litres 
of tap water. After the addition of only small quantities of 
common salt a precipitate of silicic acid appeared. Addition 
of solid salt was continued until no more precipitation 
occurred from ..the clear liquor after the precipitate h^ 
settled. About 76 gm. of salt were needed for this purpo^. 

(2) The same quantity of silicate as above was dissolved 
in 2 litres of tap water, neutralised with hydrochlcttic -acid 
and treated with solid salt. No precipitation took place. 
Even when the concentration of salt was raised almost to 
its solubility limit, no separation occurred. 

(3) A solution of monosilicate corresponding to 3-70 gm. 
sQicic acid (SiOj) was dissolved in 2 litres of water. On 
treatment with solid salt the first precipitation did not take 
place unfil a large amount had been added. It was necessary 
to add 460 gm. of salt, i.e., six times the quantity necessary 
with the polysfiicate, before the supernatant clear liquid 
contained no more silicic acid to be salted out. 
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(4) The ^ame quantity of monosilicate was dissolved in ' 
2 litfes of water and neutralised with hydrochloric acid. On 
addition of salt to the limit of its solubility no precipitation 
could be obtained. 

(b) ^Salting oyi of Silicic AciASn tHe Presence of Pulp, — A 
series of siziij^ experimet^ts was next carried out in* order to 
find hj^w far it was jfossible to obtain an increased quantity 
of silicic acid in the pulp by salting out. Since it is evident 
from the above experiments that we are dealing with a 
purely physical salting-out action, without any actual 
chemical reaction, the whole of the salt must be recoverable 
from the filtrate and washing water. 

Expt 4. — -10% solid vsilicate salted out with common salt. 

Two litres of pulp, containing 50 gm. of paper, were treated 
with 66*44 c.c. of 1:4 silicate solution, stirred for half an 
hour, treated with 75 gm. of solid salt, and stirred for a further 
half-hour. The mixture was filtered, washed and sampled. 

Examination of the Wash Water. — ^The wash water, which 
was alkaline, was analysed for sodium chloride. The volu- 
metric method of Fr. Mohr was used for the estimation ; 
in this method a few drops of potassium chromate solution 
are added to the chloride, and the liquid is then titrated 
with normal silver nitrate solution. At the point where the 
silver nitrate drops into the solution, a red colour forms, due 
to the presence of silver chromate. This colour disappears 
on shaking at first, but only until all the alkali chloride has 
reacted* wdffh silver chromate to form silver chloride and 
alkali chromate, according .to the equation 

Ag 2 Cr 04 + 2NaCl = 2AgCl + Na 2 Cr 04 . 

An excess of one drop of silver nitrate now causes the red 
coloration due to silver chromate to remain permanent, 

. Preparation of the Silver Nitrate Solution. — 5 gm. of com- 
mercial sodium chloride as used in the above experiments were 
dissolved in 250 c.c. of water. 50 c.c. of the solution were made 
up exactly to 260 c.c. 10 c.c. of the latter solution containing 
0*04 gm. of salt required 8*40 c.c. of silver nitrate solution. 
Thus 0*04 gm. NaCl corresponds to 8*40 c.c^of silver nitrate. 
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The combined washings from the previous wq>erimeat, 
amounting to about 6,000 c.c., were ibaderVP exactly 

6.000 C.C. 60 c.c. of the resulting solution were diluted to 

1.000 c.c in a measuring flask, and 100 c.cr portions of the 
solution titrated with f he standardised silver nitrate solution 
using neutral potassium chromate as indicator. 

Five c.c. of wash water were found to correspond to 
13’30 c.c. silver nitrate. 

Total NaCl in combined washings 

_ 1,200 X 13-30 X 0-04 _ _ 

“ ‘ 8-40 " ^ ■ 

Thus, as expected, all the salt was found in the washings 
from the. sized paper. 

Capillary rise in the paper in one hour at 20° C. : 

Water : Mean 35 mm. 


Printing varnish : 6-66 mm. 

The pulp from Expt. 4 was alkaline, which is undesirable 
in paper making, especially with coloured papers. In 
Expt. 6, therefore, the mixture was neutralised by the addi- 
tion of aluminium sulphate after salting out. 

Expt. 6. — 10% solid silicate (in the form of solution) 
salted out with common salt and neutralised with 8% 

A1*(S04)8. . 

Method as in Expt. 4. After the addition of 7^ gna- 
salt, 40 c.c. of alum solution were added until the reaction 
was neutral. After stirring for half an hour the coixture was 
filtered, washed and sampled. The wash .water was milky. 

Examination of the Wash Water : 

(1) SdU Content . — ^The wash water, amounting to 6,200 o.o., 
was made up to 7,000 c.c. 50 c.c. of this were diluted to 

1,000 c.c., and 100 c.c. portions of the latter solution titrat^ 
with silver nitrate. 

Elve c.c. of wash water required : 11-40 c.c. silver nitrate. 

Total Nad in combined washings 
1,400 X 11-40 X 0-04 
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Heire also all the salt was found in the wash water. 

(2) Eeiiimtion of Silicic Acid. — ^The washings were found 
to contain 1'48 gm. SiOg. 

The amount *of SiOj originally added was 3’70 gm., hence 
=f=‘40% of .the SiOa passes into the wash water 
and into the pftlp. 

Calculated on the air-dried pulp the fixation of SiOg 
amounts to (3-70 — 1-48) x 2 = 4-44%. 

For purposes of comparison we may quote the precipita- 
tion of the same quantity of silicate by ^12(804)3 in 2 Htres 
of water in the absence of fibre. For neutral reaction only 
3'1% of the SiOg was precipitated. 

Expt. 6. — 10% of solid silicate (in the form of solution) 
salted out with common salt and made faintly acid with 
Al2{S04)3.18Hg0, equivalent to 11% of the weight of dry* 
pulp. 

The method was the same as in Expt. 6, but after the 
addition of the salt 55 c.c. of Al2(S04)3 were added, so that 
the mixture showed an acid reaction. Filtering, washing 
and sampling were carried out as before. 

Examination of the Wash Water : • 

(1) Salt Content — determined as before. 75 gm. of NaCl 
were found in the combined washings, so that the whole 
amount used is again recovered. 

(2) Determination of Silicic Acid. 

Used : 3-70 gm. SiOg. 

The washings contained 0-74 gm. 

Since the amount originally added was 3*70 gm., 20% of 
the SiOg refliains in the wash water, and SOy^ in the pulp. 

. The latter figure corresponds to 6-9% on the air-dried pulp. 

For the sake of comparison, Expt. 3 may be mentioned. 
The same amount of silicate was treated with 1 1 % Alg(S04)8.‘* 
ISHgO to faint acid reaction. 28% of SiOg remained in the 
. WMh water and 72% in the pulp (6-30% SiOg calculated on 
the air!<iried material). 
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Capillary rise in one hour at 20® C. : 


• Water : Mean 42*0 mm. 

‘ Printing varnish : MeanT-Ouiui. 

The use of common salt \^ith aluminium siilphaibe hap led 
to an increased fixation of 8% SiOg. 'The fi^re'^SO^ for the 
SiOj iu the pulp, exceeds by 6% the corresponding^ value 
(74%) obtained iri the precipitation of the same amount of 
silicate in the absence of fibre. ^ 

It was next of importance to try to increase the effect of 
the alum solution. For this purpose the method Was as 
follows : The pulp was mixed with silicate solution and 
treated first with aluminium sulphate solution and then with 
common salt, with the idea that the salt should lower the 
solubility of the silicic acid precipitate, and also should assist 
■ the precipitation of any silicic acid not already thrown down 
by the alum. 

JEzpt. 7. — 10% of solid silicate (in solution) precipitated 
with Al2(S04)3.18H20, equal to 16% of the iy pdp, and 
then treated with salt. 

Two litres of pulp, containing 50 gm. of air-dried fibre, 
were (treated with 56-44 c.c. of 1 : 4 silicate solution, stirred 
for half an hour, precipitated with 80 c.c. of 10% aluminium, 
sulphate solution to a strongly acid reaction, and^-then^ 
further treated with 75 gm. of salt. After a further stir- 
ring of half an hour the mixture was filtered, washed and 
sampled. " 

Examination of the Wash Water. ^ 

(1) Salt Estimation. — Portions of the wash water were 
titrated with silver nitrate solution after neutralising with 
caustic soda. 

Five c.c. of wash water required 13-10 c.c. of the silver . 
nitrate solution (see p. 25). 

The% whole of the wash water therefore contains 


1,200 X 13-10 X 0-04 
8-40 


76 gm. NaCl 


and the whole of l^ie salt hasij therefore, been recovered. 
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(2) Estihaiion qf Silieie Acid . — ^The washings contained' 
0*41 gm. Si0*2? The amount originally added was 3*70 gm., 
and, therefore,. 11% of the SiOj remains in the wash water, 
and 89% ija the^ulp. This corresponds to 6*6% SiOj in the 
air-dried material. ■. 

•Capillaiy^sise in one hour at 20° C. : 

• * 

Water : Mean 43-0 mm. 

Printing varnish : Mean 7*0 mm. 

The good absorption of SiOgin Expts. 6 and 7, confirms the 
view that the presence of salt makes the precipitate less 
soluble, besidea causing it to come out of solution in a finer 
form. Thisr view is strengthened by the observation that in 
the precipitations without fibre a subsequent addition of 
alum solution to give an acid reaction produced a much finer 
division of the precipitate after stirring than when no alum 
was added, or where the solution was not acid. 

The results of adding monosilicate to the pulp will next he 
discussed. 

ExpL 8 ^To 2 litres of pulp, containing 50 gm. air-dried 

material, 208*6 c.c. of monosilicate solution (1 : 2) were 
added. The mixture was stirred for half an hour, 450*gm. 
of salt were added, and the solution was then made strongly 
acid with 160 c.c. of alum solution. After a further half- 
hour’s stirring the mixture was filtered, washed and sampled. 
Examination of the wash water showed it to contain 450 gm. 
.Nad. •All*the salt used, is, therefore, recovered. 

In order to study the influence of salt and aluminium 
sulphate, and of salt alone, on the paper, the following 
experiments were carried out : 

^ Expt. 9.-160% NaCl + 16% Al2(S04)2.18H20. 

. 76‘gm. of solid salt were added to 2 litres of pulp, and the 
^ mixture stirred for half an hour. 80 c.c. of 10% alum solution 
were then added and stirring continued for a furthershalf- 
hour. The mixture was filtered, washed and sampled. 

• The total amount of salt used was recovered from the wash 

water. 
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Ea!p<. 10. — 160gm. NaCl. 

'76 gm. of solid salt were added to 2 litres of^j^iilp, <n}litain* 
iug 60 gm. of dry material. The mixture stirred for ouo 
hour, filtered, washed and sampled. ’ c 

The w^h water contained 75‘2 gm. IfaCl,' the Whole 
amount of salt used being recovere'd. ", 

In all the sizing experiments in which 8al£ was u^’d, it is 
seen that the action of the salt is purely mechanical. A 
“ salting-out ” action actually occtured also in the pu^, and 
the experiments further show that cellulose fibres have no 
adsorptive power for common salt. ' 

Properties of the Paper made in Expts. 4 to 8. — Handle and 
rattle : Better than in the unsized paper. 

Colour ; White, as the original material. 

- The strength should be greater in Expt. 7 than in Expt. 3, 
owing to the increased amount of silicic acid in the paper 
(89% against 72%). 

The use of salt for precipitating silicic acid from silicate 
solutions is out of the question in practice, owing to the 
uneconomical nature of the process. The amouiits of salt 
use^ (160% of the weight of the pulp) are out of proportion 
to the increased fixation of silicic acid in the paper, and, in 
addition, it is impossible to use the wash water again on the’ 
paper machine with such a method of working. 

SiZIKO WITH THE MoNOSILIOATB OF MeTASILIOIO AcID. — 
A series of experiments was carried out with the monosilioate 
to correspond with the earlier experiments with the trisilioate.' 
The same amounts of SiOg were used. 

Expt. 11 {compare Expt. 1). — 36’2% monosilicate erf 
11°BA = l-28%Si02. 

Two litres of pulp, containing 60 gm. of air-dried pap^, 
were treated with 36*2 c.c. of monosilicate solution (1 : 2)'. 
After stirring for half an hour the mixture was treated with"" 
36 c.c. of aluminium sulphate solution, stirred for another 
half-hotu' and then filtered, washed and sampled. The 
quantity of alum solution used for precipitation, calculated 
on the iry paper, anfounts to 7*0% Al2(S04)8.18Hg0. 
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Safiminalion of the Wash If afer ; 

TJse^ : 0-64 gm. Si02. 

Pound' in wash water : 0-26 gm. SiOj. 

Therefore il% .of^e SiOj remains in the water, and 69% in 
the pulp. • ^ ^ 

Calc^ated onian air-dried fibre, the silicic acid taken up 
amounts to 0'76%. 

Ezpt. 12 (compare Ezpt. 3).— 104-3% monosilicate of 
irB6. = 7-40% SiOa. 

Method as above. 160 c.c. of alum solution (i.e., 32% 
A1 s(S 04)3.18H3Q) was used for precipitation. 

Epoamiruition of the Wash Wcder : 

Used : 3-70 gm. SiO^. 

Found in wash water : 3-08 gm. SiOj- 

Thus 83% of the SiOg remains in the milky wash water, and 
only 17% (or 1-23% on the dry pulp) in the paper. 

Properties of the Paper . — Strength : Breaking length^ 
4,400 .m. against 4,300 m. for the unsized paper. The 
stretch is &minished by 0-4% to 3-20%. 

Handle and rattle : Better than the unsized paper. 

Colour : White as the original sample. 

Capillary rise in one horn at 20° C. : 

Water : Mean 31 mm. 

Printing varnish : 7-2 mm. 

• The dse *of the monosilicate for sizing instead of the 
trisilicate is not to be recommended. Apart from the fact 
that less silicic acid is left in the pulp, the strongly alkaline 
monosilicate requires a much greater quantity of aluminiuii 
sulphate, which is largely wasted as sodium sulphate. Since, 
in addition, the price of the monosilicate is higher, its use is 
uneconomical. 

The samples from Expts. 11 to 13 were somewhat whiter 
than the original paper, and the surface quality, together with 
■h^ter handle and rattle of the paper substance, is moro 
than that of papers sized uath pojysilifate. This' pro* 
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perty of the paper sized with monosiliqate may%e due to a 
swelling of the fibres in the solution, whldh, before the 
precipitation, is three times as alkaline as in the polysilioate 
sizing. f " ' „ 

.Pbecipitation of Silicic Acid wi'r.£,.MAGNEsiTJM Sul- 
phate. — ^Under the title “ Is Minetal Sizi^>g' of /Printing 
Paper with Magnesium Sulphate and Silicate Polwible ? 
(IF. /. P,, 1913, ’vol. 45, p. 4251), Arno Frobberg ^Wishes 
a series of experiments on the precipitation of silicaiite solu- 
tions with magnesium sulphate and with a mixture of 
magnesium and aluminium sulphates, without, however, 
extending the experiments to actual paper^makihg trials. 

The dilution of the solutions and the amounts of mono- 
silicate used correspond to a 2% sizing of a pulp of 10% 
density. The precipitations were carried out in 500 c.c. of 
liquid, corresponding, for 10% pulp density, to 50 gm. of 
air-dried paper. 

It seemed important to carry out these experiments in 
the presence of fibre in such a way as to be comparable 
with the earlier experiments, that is to say, with a pulp 
density of 2*5%. 

As a preliminary experiment on the practical use of 
magnesium sulphate it was necessary to determine whether 
decomposition of the magnesium sulphate and absolution of 
magnesium hydroxide by the fibre occurs, as in the case of 
aluminium sulphate.* 

Recent researches after the carrying out of this investiga- 
tion have made it appear probable that we are dealing with a 
^emical action of the inorganic and organic impurities in 
She commercial pulps upon the aluminium sulphate, and in 
the case of hemi-cellulose hydrates, that the colloidal cellulose 
itself can bring about the decomposition of the aluminium 
Btilphate, which reaches a fairly high value, f I 

♦ Schwalbe and Eobsahm, W, He., 1912, p. 1464. 

t Lew, Papier Fabrilcant, 1914, Nos. 34, 35, 36, 37 ; Heuaer, Papier 
1914, pp. 1190, 1206. 

t Schwalbe and Becker, Zeitsekr* fur angew, Chem,, 1919, pp. 266, 366 j 
also Heuser, Lehr^uch Cellulesechemie Bomtrager,’* 1921, p« 123, 
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gm.^of “ lat bleached Mitsoherlich cellulose” were 
treated witli lOO c.c. of 10% magnesium sulphate solution 
and stirred for an hour. The concentration of cellulose 
was 2*5% ; th^magnesium sulphhte solution contained 
10 gm. MgSOl4*.7^M^ in. 100 c.c. After stirring, the mixture 
Was filter^ and wa^^hed until the total filtrate amounted 
to 2,0#0 c.c. 

The SO3 in. 100 c.c. of wash water was then estimated 
gravimetrically. 

Used : 100 c.c. of water. 

Pound : 0-4811 gm. BaS04. 

The total filtrate therefore contains 9-6220 gm. BaS04, cor- 
responding to 3-9600 gm. SO4, instead of 3-8974 gm. cal- 
culated. The small increase may be ascribed to solution of 
CaS04 from the cellulose fibre. 

The SO4 is, therefore, recovered completely in the wash 
water. 

The magnesium was determined gravimetrically as mag- 
nesium pyrophosphate. 

Used : 100 c.c. wash water. 

Found : 0-2340 gm. Mg2P207 = 0-0511 gm. IVfg. 
The total wash water therefore contains 1-0220 gm. Mg., 
instead of 1-00 according to theory. 

The wash water therefore contains all the SO 4 and all the 
magnesium^ and, at the temperature of the experiment, no 
decomposition or adsorption of the magnesium sulphate is 
caused by the cellulose or by the impurities contained in it. 

Prohberg used for his precipitations the commercial 
trisilicate of metasilicic acid, to which he added sufficient 
caustio soda to reduce the ratio of NagO to Si02 to that 
corresponding to monosilicate. Magnesium sulphate was 
added in equivalent proportions. ^ 

ExpL 13. — ^The proportions were the same as in Frohberg’s 
second experiment {W.f. P., 1914, p. 426). Accordingly, the 
following quantities were used : — 

0*500 gm. SiOjj, corresponding to 1-91 %m. of 38^ B6, 
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‘sUicate. This quantity contained 0-151 gm. NajCf. Tog^ 
a ratio NajO : SiOj = 62 00 : 60-30, 0-614 gul * of NajO to 
0-600 gm. SiOa are required. Therefore 0-514 — 0-161 = 
0-363 gm. NagO must be added in the foMf of NaOH. An 
approximately 10% solution, contaimng,>apcording to titra- 
tion, 0-096 gm. NagO per c.c., was u^ed. 0-363-^hi. NagO 
therefore corresponds to 3-8 c.c., and this amount of4el0% 
solution was added to the 1-91 gm. of water gjass. \ 

According to the reaction : 1 

NagSiOg -f MgS04 = NagSOi -|- MgSiOg \ 

60*30 gm. Si02 require 40*32 gm. MgO, or p*500. gm. Si02 
requires 0*337 gm. MgO. 

0*337 gm. MgO corresponds to 2*06 gm. of MgS04.7H20, and 
this quantity of magnesium sulphate contains 0-669 gm. SO3. 

To 2 litres of pulp, containing 50 gm. of fibre, was therefore 
added a mixture of 19*10 c.c. silicate solution (1 : 10)^ =» 1*91 
gm. of 38° Be. silicate and 0*363 gm. NagO in the form of 
caustic soda solution. The mixture was stirred for half an 
hour and then treated with 20*6 c.c. of 10% mO'gi^ssium 
sulphate solution = 0*337 gm. MgO. Stirring was continued 
for a further half-hour. 

The mixture was then filtered as completely as possible, 
but not washed, since this experiment is intended to be 
parallel to those in which precipitation took plAce in the 
absence of fibre. 

The filtrate amounted to 1,865 c.c. Including the water 
remaining in the fibre, the total water amounted to 2,235 c.c. 
It was milky in appearance. 

The pulp showed an alkaline reaction. Even at a dilution 
of 1 : 1,000 the liquid still reacted alkaline. 

The wash water was analysed for SiOg and MgO by 
uinial methods. 

(1^ SiOg determination : 

Used : 0*500 gm. SiOg. 

Found in wash water : 0*3717 gm. SiOg, that is,* 
74%,in the water and 26% in the fibre. 
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Calculated on thetair-dried pulp, this amounts to an absorp- 
tion of 0-2^ SiOg. 

(2) MgD determination : 

•iJsed :^0*337 gm. MgO. 

^ Pound* :\)*8654 gm. MggPgO; = 0-313 gm. MgO. 

• **** * * • 

Therefore 93% of the magnesium sulphate passes into th© 
wash water and 7 % into the fibre. 

Calculated’ on the air-dried pulp, the absorption of MgO 
amounts to 0 05%. 

This experiment shows that only 26% of the silicic acid 
remains in th^ fibre and only 7% of the magnesium sulphate. 
In the precipitation without fibre 97*2% of the^silicic acid 
and 65*6% of the magnesium sulphate remained in the 
precipitate. 

The precipitation of SiOg was thus in this case only 27% 
of the precipitation without fibre, while the magnesia preci- 
pitation only reached 11% of its former value. In this case, 
too, the fibre was not washed, as it has to be in order to 
imitate i^he conditions of the papermaking machine. 

Accordingly the precipitation of silicate with magnesium 
sulphate alone is not to be recommended, since, in addition 
to the small absorption of SiOg and MgO, the alkaline 
reaction is disadvantageous. • 

Precipitation of Silicic Acid from Silicate Solu- 
tions WITH Magnesium and Aluminium Sulphates. — ^I n 
the abovemientioned work of Frohberg, further experiments 
on the precipitatioivof silicic acid with aluminium sulphate 
and magnesium sulphate in the absence of fibre are described. 
The commercial trisilicate of metasilicic acid was again 
brought to tj/he NagO : SiOg ratio of the monosilicate by 
.addition of caustic soda. 

The reaction follows the equation ^ 

4NagSi03 + MgSO^ + - 4NagS04 + MgSi^g -T 

Ala(Si 03 ) 8 . 

*In the precipitation without fibre, as in Expt. 13 above, as 
much magnesium sulphate wa^ adde^ toHhe monosilicate 

D 2' 
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solution as corresponded to complete reaction wit]^ Na^lO^* 
In addition, aluminium sulphate corresponding*^ to 0*067 gm* 
AI2O3 was added. 

If MgS04 Al2(S04)3 participate in tfie reaction with 
4N€C2Si03. (corresponding to 0-500 gm. 81^62)* in the propor- 
tions indicated by the above equation, tten 0*24fi6 gm*. 
li%S04 (= 0-0836 gm. MgO) and 0-710 gm.* Al2(S0^3 (=5= 
0-2118 gm. AI2O3) must be used. \ 

In this case, it is desired to perform in presence ctt fibre 
an experiment parallel to that carried out by ProhbWg in 
the absence of fibre. The quantities were therefore chosen 
as in Expt. 13, with the addition of aluminium* sulphate 
corresponding to 0-067 gm. AI2O3. Frohberg, after finding 
that the precipitate at first reacted acid, and later alkaUne, 
in a succeeding experiment, allowed it to stand for five hours 
in order to obtain equilibrium before examining the filtrate. 

Expt 14. — To 2 litres of pulp, containing 50 gm. df ‘fibre, 
the following solutions were added : 19-1 c.c. silicate solu- 
tion (1 : 10) = 0-500 gm. Si02 ; 3-8 c.c. approximately 10% 
caustic soda = 0-363 gm. NagO. After stirring for half an 
hour^ 20-6 c.c. of 10% magnesium sulphate solution {= 0-337 
gm. MgO) and 4 c.c. of 10% aluminium sulphate solution 
(= 0-067 gm. AI2O3). The mixture was then stirred for a 
further half-hour, after which it was allowed to >ttfhd for 
thirteen and a half hours, stirred again for one hour and then 
filtered, but not washed. 

Examination of Wash Water : ' ^ 

Volume of fil* ite 1,876 c.c. 

^!abined weight 
, Air-dried pulp . 


^ of pulp and liquor . 2,302 gm. 

. . . . 60 ?m. 


Volume of filtrate 


2,262 C.O. 


The total water thus amounted to 2,262 c.c. It was Tety 
milky and gave an a&aline reaction. 
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A silie# detemiDAtion gave 0*3559 gm. SiOg. ' ' 

the original amount used was 0*500 gm., and therofoie 
71% of tjie SiOj is recovered from the wash water and 29% 
remains jn the pulp. Calculated on the air-dried pulp, the 
amount of SiOa. taken up is 0*28%. 

* In a iltagn^smm' estimation 0*7169 gm. MgaPaO^ = 0*2596 
gm. MgO was lobtalned. 

The amount of MgO originally added 'Was 0*337 gm. and 
77% of the MgO passes into the water and 23% remains in 
the pulp. 

Calculated on the air-dried pulp, this amounts to an 
absorption of 0*16% MgO. 

In this experiment it is seen that only 29% of the SiOj and 
23% of the MgO remained in the pulp, while in the experi- 
ments without fibre 97% SiOg and 93% MgO were pre- 
cipitated. 

Although the pulp was not washed, the precipitation of 
SiOa was therefore only 29*6% of that obtained without 
fibre, while the precipitation of MgO was only 25% of that 
formerly^ found. In addition, the mixture was still alkaline, 
which is disadvantageous in practice. 

In order specially to remove this latter difficulty, an 
experiment was carried out in which sufficient alum solution 
was added to allow it to react with the whole of the sodium 
silicate, and leave the pulp slightly acid. 

Expt. 16. — ^Two litres of pulp, containing 60 gm. of air- 
dried fibre, required 13 c.c. of alum solution to produce a 
slightly acid reaction. . 

The experiment was carried out as before. 

MonosUicate corresponding to 0*500 gm. SiOj was added, 
the mixture was stirred for half an hour and precipitated 

• with magnesium sulphate solution containing 0*337 gm. MgO 
and with 26*6 c.c. of alum solution. The reaction was t^gg^ 
faintly acid. After stirring for a further half-hour the mixture 
was filtered. The filtrate was clear. 

• As previously determined, 13 c.c. of the 26*6 c.c. of alum 
solution were used in neutralising the pul];^ so that 12*6 g.o: 
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containing 0*2112 gm, AI 2 O 8 were availably for precipitation 
of the silicic acid. ^ ^ 

Emmimbiion of Filtrate, — Of the 0-500 gm Si02 priginally 
added 0-1495 gm. SiOg v;as found in the filtrate {^,323 cm. 
total volume). Therefore 30% of the Si02 passed into the 
filtrate and 70% into the pulp. / * ^ j 

Calculated on an air-dried pulp the "absorption o&Si02 
amounts to 0-70%.* \ 

0-9308 gm. Mg 2 P 207 = 0*337 gm. MgO, the total amount 
used, was found in the filtrate. \ 

This experiment shows, therefore, that the silicic ^cid 
reacts with the aluminium sulphate alone, while magnesium 
sulphate passes into the filtrate without decompofeition. 

70% of the SiOg remained in the pulp, while Frohberg 
found 95-6% in his precipitate. The amount of SiOg pre- 
cipitated in the present experiment is therefore only 73% 
of that obtained by Frohberg. 

Properties of the Paper. — Strength : The breaking length 
was 4,550 m. or 250 m. higher than that of the original 
material. The stretch was reduced by 0-2%. 

Handle and rattle : Better than in the original material. 
CoR)ur : White, as that of the original. 

Capillary rise in one hour at 20° C. : 

Water : Mean 31 mm. 

Printing varnish : Mean 7 mm. 

Expt. 16. — ^This experiment was carried out witH thfe same 
amounts of NagSiO.,, Al 2 (S 04 ) 3 , and M^O^ as before, but 
after the addition of the silicate 10 gm. of china clay in the 
form of paste were added. The mixture was washed until 
the total filtrate amounted to 6 litres. It was slightly cloudy 
owing to suspended particles of china clay. 

Estimation of Loading Material. — ^An ash determination on 
paper £rom Expt. 16 gave 1’69% ash, 

An ash determination on the sized and loaded paper gave 
18-.4()% ash. 

‘ Of this 13-40%^h, tl3-40c- 1-69) = 11-81% consisted of 
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Igoited cl^jaa clay, or 11*81 + 1*60 (allowing 13*60% for loss 
weight oh Jieating) = 13*41% actual china clay. 

The paper thus contained 13*41% of china clay, or 67% 
of the amount originally added. ^ 

Ihis fixg,tion of filling material is thus about 20% higher, 
pn the total hniouot.used, than with the loaded but unsized 
papetj[47% fixation, see Expt. 3o', p. 19), and about 17% 
higher than with the paper treated with Al 2 (S 04)3 and 
loaded (50% yield, see Expt. 3c", p. 20). 

The results of the foregoing experiments should answer 
the question in the title of Frohberg’s paper, “ Is Mineral 
Sizing of Printing Paper with Magnesium Sulphate and 
Silicate possible ? ” in the negative, at least from a technical 
point of view. When magnesium sulphate alone is used for 
the precipitation, it is seen that, in addition to *the low 
fixation of silicic acid (26% SiOg), an alkaline reaction in the 
pulp is obtained which is fatal to aniline colours and to 
efficient use of fibre and loading material. If, on the other 
hand, alum is added in sufficient quantity to produce a faint 
acid rea^ption, the same amount is needed as when no mag- 
nesium sulphate is present, the latter remaining entirely in 
the wash water. • 

Frohberg actually comes to the same conclusion, although 
experiments performed in the absence of fibre), and without 
regard to the conditions obtaining in practice, are not 
sufficient for answering such a question as the above. 

Sizing *0? “ News ” with Silicate. — In the preceding 
experiments' only bteached cellulose fibre was used. The 
cheapness of silicate sizing makes it particularly suitable for 
use -with cheaper papers containing mechanical pulp. Experi** 
ments on the sizing of “ news ” were, therefore, carried out 
. on a furnish containing 80% mechanical pulp and 20% 
cellulose. 

Expt. 17. — 30% of 38° B6. silicate. 

To 2 litres of pulp containing 40 gm. of wood pulp (Weiss- 
, sohiiff) and. 10 gm. of bleached Mitscherhch cellulose 15 gm. 

38° B6, silicate solution were added. After half an hour’E 
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nfcimng the mixture was precipitated with 86 of J0%/ 
alum solution (= 17% Al2(S04)8.18H20‘'calciil^ted on ijhe 
air-dried fibre) until a faintly acid reaction was obtained* 
Stirring was then continued for half an hour, after ’which the 
mixture was filtered, washed until the filtrate amounted to 
6 litres, and sampled. . . ^ * 

Properties of the Paper, — Strength : The hJ^^aking length 
was 3,200 m., or 600 m. and 350 m. higher than for^aper 
unsized and treated with alum solution respectively (see 
Expts. 18 and 19). 

The stretch was unaltered, 1*89%. 

Handle and rattle : Distinctly bettor than with tfie flabby 
unsized paper. 

Colour : Brighter than that of the original material. 

Capillary rise in one hour at 20° C. ; 

Water : Mean 40 mm. 

Printing varnish : Mean 8 mm. 

ilxpL 18. — In order to compare the properties of sized 
and unsized paper, a sample was treated with aluminium 
sulphate alone, as is usual in practice, 2% of crystallised 
-^^2(804)3 was used. 

Properties of the Paper, — Strength : Breaking length, 
2,853 m. Stretch, 1*76%. 

Handle and* rattle : Poor, 

Colour : As in original material. 

In order to determine the retention of loading, the material 
was incinerated. * . . 

An ash determination gave 1*20% ash. 

Expt. 19. — ^Two litres of pulp containing 40 gm. of 

Weiss-schliff ’’ and 10 gm, cellulose were sampled after oji^e 
hour's stirring. 

Properties of the Paper, — Strength : Breaking length, 
4liafiS m. Stretch, 1*80%. 

Handle and rattle : Poor. 

Most papers containing wood pulp are loaded, and a 
determination was therefore made of the amount of filler 
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4|ilEen up i|J>y the fibre, and also of the alteration of the* 
staefigtli goading. In this case another wood pulp 
(MuWenstein) was used, and only 15% of 38° B6. silicate, ’ 

Expt. 20.-16% of 38° B4. sUicate., 

The method was as in the previous experiment, but 
7;6 gm. of 38° Be. silicate (= 15% on the dried pulp) were 
used. 

Properties of the Paper, — Strength : .rBreaking length, 
3,340 m. Str(5tch, 1-45%. 

Handle and rattle : Very good. 

Colour : Brighter than that of the original material. 

Capillaiy ris^ in one hour at 20"" C. : 

Water : Mean 26 mm. 

Printing varnish : Mean 7 mm. 

In order to determine the filling material in the following 
experiment it was necessary to estimate the ash in this sized 
bui; unloaded paper. This was found to be 4*95%. 

Expt, 21. — 15% of 38"^ Be. silicate and 20% china clay. 

7*6 gm.,of 38® Be. silicate and 10 gm. of china clay “ pulp 
added to 2 litres of pulp containing 40 gm. of “ Weiss- 
sohliff ” and 10 gm. of cellulose. The mixture was stirred for 
half an hour, and then treated with alum solution until 
slightly acid. The filtrate was only slightly turbid, owing to 
suspended particles of china clay. 

Estimation of Filling Material, — The ash content was found 
to be 2(V72%. 

This 20-72% of.ash^dntained (20-72 ^ 4-95) % = 15-77% 
of ignited china clay. Allowing for 2-13% loss on heating, 
this corresponds to 17*90% of actual china clay. 

The paper therefore contains 17*90% of china clay, or 
90% of the amount added. 

To determine the influence of silicate precipitation olSKthe 
retention of loading in the paper, the following samplg 
prepared : — 

.. Mxp. 22. — 20% china clay with Al 2 (S 04 ) 8 . 

Two litres of pulp containing 40 gm. of ^ Weiss-sohliff 
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•aaad 10 gm. bleached cellulose were stirr^ for h^ an hour 
with 10 gm. of china clay paste and treated wjjtfi alum Elu- 
tion until acid, being then filtered and washed. Samples 
were taken, as usual, a^ a dilution of 1 in 1,000. 

The ash content of the sample was 16%. 

In order to calculate the actual amount 'of roading oorre- 
sjKJnding to the 16% of ash, 1-20% must be'subtramed for 
the ash of the paper treated only with alum and not^oaded 
(Expt. 18). \ 

In the above 16% of ash there is therefore (16 — 1^20)% 
— 14-80% of ignited china clay, or (14-80 -1- 2) = 16\80% 
of actual china clay. This corresponds to 84% of the amount 
added. 

Here again, therefore, there is an increase in the fixation 
of filling material of 6%, when silicate is used, compared 
with printing paper treated with aluminium sulphate alone. 

Strength and Quality of the Paper. — Strength : The break- 
ing length of the sized and loaded paper was 2,825 m., 176 m. 
more than that of the loaded paper treated with alum 
solution (2,664 m.). Stretch 1-60%, unaltered. 

Handle and rattle : Better than with the loaded and alum- 
treated paper, which was flabby. 

Colour : Brighter than that of the original material. 

Capillary rise in one hour at 20° C. : 

Water : Mean 25 mm. 

Printing varnish : Mean 7 mm. 

Stjmmaby of the RnstriiTS of jP^v.MiNE&AL Sizing. — 
An examination of the results recorded in the preceding 
pages wiU show that in all the experiments with silicate (in 
particular the trisilicate is meant) an increase in breaking 
length ranging from 8-2% in the case of newspaper to 18'6%, 
comj^ared with the unsized raw material, is obtained. The 
*IScre^ in loading amounts to 30% of the filler in unsized 
(loaded) paper, while the breaking lengths of these silicate- 
sized and loaded papers do not fall below the values for the. 
.unsized and unloaded raw material. 
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Further, m the c^se of all silicate-sized papers there is an 
increased capillary rise both for aqueous solutions and for 
printing vamish. This is of importance in practice, sjnce 
with quick printing a sharper, morq “ plastic,” and more 
permanent impression is obtained. 



CHAPTER II 


SIUCATB AND EOSIN SIZING 


Sizing by thb Method op D.R.P. No. 245,^175, op 
Kxjldkbpp and Geap, — It is an obvious step to utilise the 
alkaline properties of silicate solution for the complete or 
partial saponification of rosin, in order to obtain a precipitate 
of “resin-aluminium silicate,” by the treatment'of such a 
solution with aluminium sulphate. 

Two patents have already been mentioned in the Intro- 
duction whose object is the use of silicate in conjunction 
with rosin as a sizing material. The first of the two methods 
is that of A. Kuldkepp and Graf, No. 245,976. The cle^im 
reads as follows : — 

“ A method for the preparation of a resin soap for paper 
sizing by the use of sodium silicate in which the rosin, 
casein, or similar compound is intimately mixed with the 
silidate at a temperature so low that silicic acid is not 
liberated.” * 

As an example, a size was described in which parts 
of rosin powder were mixed with 2 parts of water, 3 parts 
of 30® B6. soda solution, and 6-8 parts of 41° B6. silicate at 
room temperature, the mixture being subsequently dissolved* 
in water at 70° C. - . 


In accordance with these instructions 8-2 gm. of rosin 
powder were well mixed with 3 gm. of 30° B6. soda solution 
and 7*3 gm. of 38° Be. silicate (equivalent to 6*8 parts 
41° B6. solution), dissolved in water at 70°, and made up to 
JLOOSfo.c. 

A large quantity of silicic acid was precipitated in tihe 
form of a fine powder, and the liquid alter settling was of 
a , clear light-brown colour. 

' • y. m., 1912, p. 1649. 

44 
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A secon^prepail^ation was then made with the same ^ 
proportion, biat using 2 litres of water at 30° to 36° C. In 
this case also a large amount of silicic acid separated, .and 
the soiutiop had a milky appearance^ 

This second .e35periment shows that the temperature has 
no effect 'on the pi?ecipitation of silicic acid. To confirm 
this oh^ervatiom soli&ions of silicate at dilutions of 1 : 10, 

1 : 6, 1 : 2, and also undiluted 38° Be. solulaon, were warmed 
to 80° C without the precipitation of any trace of silicic acid. 
The condition as to temperature in the patent specification 
is therefore valueless. 

In order to discover the reason of the separation of silicic 
acid in size* made by the above method, the ratio of rosin 
to alkali was calculated. 3 gm. of 30° Be. soda solution 
were added to 8-2 gm. of rosin powder. 100 gm. of *30° B6. 
soda solution Contain 2418 gm. NagCOs, and the amount 
of soda added was therefore 0*725 gm., or 8*8464 gm. per 
100 gm. of rosin. 

The soda figure for the American rosin used was found by 
analysis to be 15*662 gm. NagCOg per 100 gm. In the 
experiment therefore (15*6620 — 8*8464) = 6*8156 gm. more 
soda were required for saponification per 100 gm. rosin, or 
0*6689 gm. anhydrous soda on 8*2 gm. rosin. 

This deficit of 0*5589 gm. NagCOg (= 0*3260 gm. Na20) 
was made up at the expense of the 7*3 gm. of 38° Be. silicate 
originally added. According to analyses already given, the 
*€dkalini£y *of the silicate obtained from v. Baerle & Co, 
amounts to^ t-Ol^^^-^NagO. 7*3 gm. therefore contains 
0-6776 gm. NagO. 

Since only 0*3269 gm. NagO is required to complete the 
saponification, the excess is (0*5776 — 0*3269) = 0*2607 gm. 
NagO. 

The size given in the patentee’s example was thelwfore 
** fully saponified,” and, taking into account the tota^afflUi 
of the silicate^ contained an excess of alkali. 

^ In Odder to estimate the amount of silicic acid precipita** 
tkm during the solution of the fir^ size^preparation, ihe 
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eilica content of the resulting solution/was d^wrmin^, as 
follows : — ' 

100 c.c. portions of the clear settled size solution were 
precipitated with hydiochloric acid in a filter funnel. The 
resin acid was extracted with ether and the aqueous, solution 
removed. The ethereal solution was itheii, shakeil several 
times with dilute hydrochloric acid, ^and the silieio acid 
determined on the whole of the aqueous portion. \ 

In 100 c.c. of size solution there was found 0-0204 gi^. SiOg. 
1,000 c.c. of the solution therefore contain 0-2040 gni. SiOg. 
7-3 gm. of 38 ° Be. silicate were originally used, corresponding 
to 1-9126 gm. Si02. Therefore 10 - 67 % of the Si02 remains 
in the solution, the remaining 89 - 23 % being precipitated. 

The precipitation of this large quantity of silicic acid 
during'the preparation of the size is a source of considerable 
loss, besides which the fine precipitate will collect in the 
size containers, necessitating frequent cleaning. 'If the 
silicic acid is maintained in suspension by stirring, there 
is danger of stopping up the wire of the paper machine. 

In order to dispose of the suggestion that the size was 
not properly prepared, a piece of resin soap as prepared by a 
licensee of the patent was obtained and dissolved ; it gave 
the same heavy precipitate of silica as before. Thi% is in 
direct contradiction to the statements in the Patent Spkiifica- 
tion, which mentions this silica precipitation as one of the 
disadvantages of known methods of saponifying rosin with 
silicate in warm solution, and claims to have avoided it by- 
the new process. 

Before any sizing experiments were carried out it was , 
necessary to discover the cause of the precipitation. 

The most likely cause for the separation -of silica was 
the removal of alkali from the trisilicate ; another pbssi- 
bililr^ was ■ the formation of small quantities of carbon 
3loxi<|e by dissolving the soda soap in warm solution. The 
following experiment was therefore carried out : — 

(a) Rosin powder and silicate were mixed together in** 
buck proportionii that the 4>otal alkalinity of tire silicate 
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Mm just s^cientifor saponification of the rosin, 100 gm/ 
of American cosin required, by experiment, 15*6620 gm* 
Na 2 C 03 ; i.e.,.10 gm. of rosin require 1-5662 gm. NagCO^, 
or 0-9161 gm. NagO for complete sajlonification. 

The total a&alinity of the 38° Be. silicate was 7-912%, 
and therefore lD§?gm‘. silicate are required to supply the 
alkali fpr complete sS-ponification of the rosin. 

10 gm. of rosin powder were therefore miked with 1 1 -58 gm, 
of 38° Be. silicate in a mortar in the cold. The whole of 
the mixture was then dissolved in water at 80° and made up 
to 1,000 c.c. A heavy precipitate of silicic acid was formed, 
while the eleap liquid above the precipitate was light brown. 

-The silicic acid in this preparation was then estimated, as 
follows : — 

50 c.c. portions of the clear settled solution were analysed 
for silicic acid by the usual method. By repeated evapora- 
tion to dryness only a brown ring could be seen in the 
crucible. After moistening with hydrochloric acid and 
heating with water, a clear yellow solution was obtained 
withbut any solid. There was, therefore, no silicic acid left 
in the solution, all having been precipitated. 

{b) Rosin powder and silicate were mixed together in 
such proportions that five times as much silicate was present 
as sufficed for complete saponification of the roein. 

10 gm. of rosin powder were mixed with 28-95 gm. of 
38° B6. silicate in a mortar until the mass crumbled away 
from 4hTi of the vessel. The whole was now dissolved 
in water at 75'^t?r^°j[i^nd made up to 1,000 c.c. A small 
^ amount of Si 02 separated, but the solution itself was clear 
and dark and brown. 

These two experiments show that the cause of silica 
• separation is the removal of alkali from the silicate. On 
complete removal of alkali, the silicic acid is quantitafcJvely 
precipitated, while on removal of smaller amounts o^&l^h 
a smaller amount of silica is precipitated. The fact that 
-in the second case less alkali is removed from the water 
glass is explained by the free alkali, cont^t of the’flKeata* 
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solution. Thus in the second case, owing to ^e foucfi^ 
ej^foess of silicate, a smaller amount of alkali was removed 
by saponification of the rosin. This explains thp fact that 
by further increase in the amount of water glass thfi precipita- 
tion of silicic acid can be reduced. When th»s saponification 
is once completed an excess of silicate pi^mains unaltered, 
as the following experiment shows. ” 1 

(c) 6 gm. of rosin in the form of a brown, completely 
saponified resin soap, were mixed in a mortar with o^O gm. 
of 38° B6. silicate to a homogeneous, viscous mass, and then 
dissolved in water at 80° and diluted to 1,000 c.c. The 
light-brown, clear size showed no trace of precipitated silicic 
acid. 

It may be remarked that the size solution was originally 
made Op to a total volume of 500 e.c. ; in these circum- 
stances it was milky when cool. In order to obtain a clear 
solution it was necessary to dilute to 1,000 c.c. 

,In order to study the influence on the silicate of the 
carbon dioxide formed by solution of sodium soap, the 
following experiments were carried out : — 

(d) 6 gm. of finely powdered rosin were mixed in a mortar 
with 4 gm. of a 20% soda solution (sufficient for complete 
saponification) and 60 gm. of 38° B6. silicate to a heuno- 
geneous viscous liquid. The soap was then dissolved in 
water at 80°. When the total volume was made up to 
600 c.c. the solution became milky on cooling, and it was 
therefore diluted to 1,000 c.c. with .warm water. -.4A si^t' 
deposit of silicic acid was visible in. the clear l>rown solution. 
This was thought to be due to evolution of carbon dioxide 
from the cold soda soap. 

A further proof is given by the following expraiment 
(compare (c) ) : — 

6 gm. of rosin powder were mixed in the cold with 6 gm. 
01^4^10% caustic soda solution (sufficient for comply 
saponification) and stirred with 60 gm. of 38° B6. siUmt* 
to a homogeneous mass. The mixture was dissolved in- 
.vatfioTat 80°. Since dUution.to 600 c.c. gave a milky solution^ 



SILICATE AND EOSIN SIZING 49 

total ^loQie Miras maide up to 1,000 c.c. No trace of 
silicic acid was deposited. 

The above . results show that, in the method used by 
Kuldkepp^d Graf for preparing sij^, part of the deposit of 
silicic acid is to the liberation of carbon dioxide. 

As mefntioned '•^bove, jsilicic acid which is precipitated in 
the liquid size "solution is lost for practical purposes, and 
it is therefore unlikely that the size prepared by the above 
method would be adopted. The claims made for the 
process * that it finally solves the thirty-year-old problem 
of rosin sizing hardly seems justified. 

The small •mixer used for the intimate mixing of the 
silicate and rosin, said to increase the “ sizing efficiency ” 
of the product, can obviously not alter the saponification 
number of the rosin or affect the chemical reaction between 
silicate and rosin. It can hardly be imagined that the 
author intended the grinding to give the solid rosin so large 
a specific surface as to make the solution approach the 
colloidal condition. 

Experiments were next made on sizing with rosin-silicate 
size. 

Exp,. 23. — ^Kuldkepp and Graf’s size containing 1’64% 
of resin. 

Two litres of pulp containing 60 gm. of dry la bleached 
Mitscherlich cellulose ” were treated with 100 c.c. of hiV,a 
solution (= 0-82 gm. resin) made according to the first 
-esEajSipl8..of_ Kuldkepp. and Graf, the mixture stirred for 
half an hour, after which 26 c.c. 10% alum solution were 
added, giving an acid reaction ; this corresponds to 5‘2% 
•^afSOJa.Aq. on the dry cellulose. After further stirring 
for half an hour the mixture was filtered, washed till the 
volume of liquid was 6 litres, and sampled at a dilution of 
1 ; 1000 . 

Properties of the Paper . — ^Handle and rattle : Fairlj^good 
in view of the amount of rosin used. 

- Odour : Whiter than that of a paper sized with rosin aloqe. 

• 1912, p. 2830. 

SJS. 
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Ease ,of writuig (resistance to ink) : Standa^ ink does 
no* run or show through the paper. 

Capillary rise in one liour at 20® C. : 

Water : Mean\)'0 mm. 

Printing varnish : Mean 7-6,mm. 

Ezpt. 24. — ^Kuldkcpp and Graf’^ sizsg Containing i% of 
rosin. . 

To 2 litres of pulp (= 50 gm. air-dried fibre) 30*5 c\c. of 
size solution (-- 0-25 gm. resin) were added. The mixture 
was stirred for half an hour, precipitated with 24 c.c. of €^um 
solution to give an acid reaction ; this amount of alum is 
equivalent to 4*8% Al 2 (S 04 ) 3 .Aq. calculated on tjie air-dried 
pulp. The mixture was again stirred for half an hour, and 
afterwards filtered, washed and sampled. 

Properties of the Paper. — Handle and rattle : Good for 
rosin sizing. 

Colour : Whiter than with |% rosin alone (as in following 
experiment). 

Resistance to ink : Standard ink runs slightly and shows 
through. The paper was worse in this respect than in the 
follq^ng experiment, carried out for the sake of comparison 
with rosin size alone. 

Capillary r^ise in one hour at 20° C. : 

Water : Mean 4 mm. 

Printing varnish ; Mean 9 mm. 

For comparison, rosin sizing was. carried ouJ^TOth-^-^-- 
1%, \% and i% of rosin. The rosin was ildded to the pulp 
in the form of a “ free ” rosin suspension. With the mixture 
containing 3% of rosin a loaded paper was prepared, and the 
absorption of filler determined. 

Expt. 25a, — 3% rosin as a free rosin suspension. 

7^ o.c. of free rosin emulsion containing 1*5 gm. rosm^ 
were e.dded to 2 litres of pulp, stirred for half an hour, and 
then treated with 16 c.c. of aluminium sulphate solution 
uiitil the reaction was faintly acid. The amount of alumi*** 
. ^sulphate ^dded iporresponds to 3% Al 2 (S 04 ) 8 .Aq., on 



51 


SILICATE AND ROSIN SIZING 

tlie«air*dried pulp' The mixture was stirred for a further 
half hour, filffered, washed and sampled as before. 

Properties of the Paper, — Strength^: The breaking length 
was 3,99(V m. as against 3,800 for the unsized paper— -a.n 
inci^ase of I 90 m. ^ . • 

Handle and rattle^*: Geod for 3% rosin sizing. 

Colour : Slightly yellow in comparison, with the original 
material. 

Resistance to ink : Undoubtedly good. 

Capillary rise in one hour at 20^ C. : 

Water : Mean 0*0 mm. 

Printing varnish : Mean 7 mm. 

An ash determination, made in order to enable the.loading 
to be calculated, gave 0*80% ash. 

Expt. 25a'. — 3% rosin and 20% china clay. 

The method was the same as in 25a, but 10 gm. of china 
clay pulp were added to the pulp after the addition of the 
resin and before precipitation. The wash water was turbid 
owing to suspension of clay. 

Properties of the Paper . — Strength : Breaking lei^h, 
3,100 m., i.e., 1,200 m. less than that of imsized and unloaded 
paper (4,300 m.). Stretch 3*31, or about 0-30% less than 
before. 

Handle and rattle : Good. 

Colour : yellowish compared with original material. 

Capillary rise in one hour at 20"^ C. : 

Water : Mean 0 0 mm. 

Printing varnish : Mean 7*5 mm. 

The loading was determined by ignition of the paper. 

The ash found was 11*78%. This contains (11*78 — 
0*81) = 10*97% of ignited china clay, or (10*97 + l*48]^of 
actual china clay after allowing for the loss on ignition.* 

The paper tWefore contains 12*45% of china clay, or 
■62*25% of the amount added. 

ExpL 25b. — 1% rosin as a free^rosiDemuklpn. 
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12’6 c.c. of the emulsion, containing | ^m. oL>roBm -wete 
added to 2 litres of pulp oontainii^ 50 gm. of {dr-dried fibre. 
The fnixture was stirre^l for half an hour, precipitated with 
24 c.c. of 10% aluminium srdphate solution to give an acid 
reaction, .and then stirred for a further half hour before 
being filtered, washed and sampled.. , ' j 

Properties of the. Paper. — ^Handle and rattle : Goodl 

Colotu* ; Yellow compared with the white raw matenal. 

Resistance to ink : Standard ink does not run or Ishow 
through the paper. 

Capillary rise in one hour at 20° C. 

Water : Mean 0 0 mm. 

Printing varnish : Mean 7-3 mm. 

Expt. 25c. — rosin as a free rosin emulsion. 

Method as in the previous experiment, with the addition 
of only half the amount of rosin. 

Properties of the Paper. — Strength ; The breaking length, 
3,990 m. is 180 m. higher than that of the unsized material. 
Stretch is almost unchanged, 3-44 %. 

I^andle and rattle : Good. 

Colour ; Slightly yellow compared with the white raw 
material. 

Capillary rise in one hour at 20° C. 

Water : Mean 0-0 mm. 

Printing varnish : Mean 7 mm. 

Resistance to ink : Standard ink did 'hot run or show 
through the paper. 

Expt. 26d. — i% rosin as a free rosin emulsion. 

Mfethod as before, with a correspondingly smaller amount 
pf emulsion. 

^-"merties of the Paper. — Handle and rattle : Almost the 
samePhs with unsized paper. 

Colour : Slightly yellow. 

• R§?.:Btance to ink : Poor. Standard ink shows throui^ 
“IKe proper and xysiB sli|^tly.« 
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Gajaliai^ rise iA one hour at 20° C. 

Water ; Mean 0*0 mm. 

Printing varnish : Mean 7-t mm. 

• 

For the sake of completeness, sizing experiments were 
carried out with the rbqin-silicate solutions which were pre- 
pared in order* to Explain the precipitation of silica in the 
size of Kuldkepp and Graf (p. 47). Solutions which had a 
sediment of silicic acid were not shaken before use, but only 
the clear brown liquor was used. 

UxpL 26. — Size a. 1% resin. 

50 c.c. of size a were added to 2 litres of pulp (= 60 gm. of 
air-dried pulp). After stirring for half an hour the solution 
was precipitated with alum and stirred for a further half hour. 
20 c.c. of 10% alum solution were required to give an acid 
reaction to the mixture. 

The resulting paper was similar to that obtained with 
normal 1% rosin sizing. 

27. — Size 6. rosin. 

40 c.c ^ of the clear brown size solution were added to 2 litres 
of pulp (= 50 gm, of air-dried pulp). The mixture was 
stirred for half an hour and treated to give an acid reaction 
with 22 c.c. of alum solution (=4-4% alum on the dry fibre). 
After a further half hour’s stirring the pulp was filtered, 
washed and sampled. 

Properties of the Paper . — ^Handle and rattle : Better than 
with plain |% rosin sizing. 

Colour : As white as the original material, in contrast to 
the yellow colour produced by plain rosin sizing. 

ExpL 28. — Size c. rosin. 

The method was as above. 50 c.c. of the size solution were 
used, i.c., 1% of rosin with 5% of 38° Be. silicate. 

Properties of the Paper . — ^Handle and rattle : Better 4ihan^ 
for J% pure rosin sizing. 

Colour : The original white of the raw material. 

Resistance to ink : Ink does not run or show through. 

Ewpt. 29. — Size d. " % rosyi. 



, 84 SODIUM SILICATE FOR SIZING 6p FAFEB ' 

‘ This was carried out in the same manncfr. 50 jS.o. of $aze 
soly.tion were used, containing |% of rosin with 60% of 38® 
dOicate. The resulting ^aper was similar to that produced 
in Expt. 28. 

Expt. 30. — Size e. ^ % rosin. 

50 c.c. of the clear brown size solution were added to ^ litres 
of pulp containing 50 gm. of air-dried fibre -and stinted for 
half an hour. After precipitation with 25 c.c. of alum\8olu- 
tion (= 5% of Al 2 (S 04 ) 3 .Aq. calculated on the air-dried 
material), stirring was continued for a further half hour, after 
which the mixture was filtered and washed until the total 
wash water amounted to five litres, and then sampled in the 
usual manner. 

Used : 2-5 gm. 38° Be. water glass = 0-6550 gm. Si02. 

A silica determination showed the wash water to contain 
0*3722 gm. SiOj. Thus 56*83% of the Si02 passes into the 
wash water and 43% remains in the pulp. 

The fixation is thus 0*57% of the weight of the air-dried 
paper. 

In dealing with the causes of the separation .of silica 
in the size of Kuldkepp and Graf it was shown, in the 
case* of sizes a and 6, that an increase in the amount 
of silicate used for saponifying the rosin effected, a 
reduction in -the amount of silica precipitated, in com- 
parison with that which occurred ' on adding an amount 
of silicate equivalent to the alkali required for saponifica- 
tion. 

Further, in the saponification of fats described later, too 
large an amount of water glass was used owing to a mistake 
j in weighing, and no silica separated. Those observations 
' suggested the following experiments. 

lireparation of Size for Expt. 31. — 5 gm. of rosin powder 
igroqAd with 87 gm. of 38° Be. siUcate in the cold, and’ 
the fSti^tare dissolved in warm water at 80° and made up to 
1,000 'c.c. A slight separation of silica occurred. In this 
case fifl^n times the amount of silicate necessary for saponi- 
^ fixation} was used. 
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Pr^paraiion Size for ExpU 32. — 6 gm. of rosin, 
poi^der ground in the cold with 116 gm. of 38^" B6. silicate, 
dissolved in water at 80° and made up to 1,000 c.c. No 
separation of silica occurred. The Silicate used, 116* gm., 
corresponds to twenty times the amount (5-79 gm.) requisite 
for complete'saponification of the rosin. 

In another experiment, the rosin was used in the form of 
coarse grains, and was saponified with §8° B6. silicate by 
warming to 80°. In this case also, no precipitation of 
silica occurred on dissolving the soap. 

The silicate-resin soap prepared by grinding or kneading 
with cold water may be dissolved in cold water ; in this case 
the operation of dissolving requires more time unless larger 
quantities of water «are used. This condition fs, however, 
fulfilled in the hollander, and the silicate-resin soap may 
therefore be added diiectly to the mixture in the hollander, 
where the penetration of ihe size solution into the mass 
of the fibre takes place, assisted by the large volume of 
water present, and by the dispersing action of the ‘roll. 
Precipitation with alum solution can then be carried out as 
usual.* 

ExpL 31. — Size prepared as above. |% of ^rosin 
used. 

50 c.c. of size solution (i.c., |% rosin and 8*7% of 
38° B6. silicate) were added to 50 gm. of fitre in 2 litres 
of pulp and stirred for half an hour. Precipitation 
was carrted out with 26 c.c. of 10% aluminium sulphate 
solution (= Ai 2 {S 04 ) 3 .Aq.) and stirring continued 

for half an hour. The mixture was filtered, washed and 
sampled. 

Properties of the Paper , — Handle and rattle : Better than 
for 4 % rosin sizing. 

Colour : White, as in the original material. ^ 

Resistance to ink : Standard ink does not 
through, 

* The jaeparatioti of silicEte-resin size without separation of ^ica by the 
methods given above is protected by the author under D.R.P., No.^20,S2)®# 
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‘ Exfl. 32. — Size prepared as above. l%^of rosia irod. 

100 o.c. of size solution (i.e., 1% rosin and 2^«2% 38® B6. 
silicate) were added to 50 gm. of fibre in 2 litres of pulp. 
After stirring for half an hour, 45 c.c. of 10% alum solution 
(=9% Al 2 (S 04 ) 3 .Aq.) was added, to give an acid reactjon. 
After further stirring for half an hour; the pulp waa filtered, 
washed and sampled. 

Properties of the: Paper , — ^Handle and rattle : Better\^than 
for 1% pure rosin sizing. ' 

Colour : As white as that of the unsized paper. 

Resistance to ink: Standard ink does not run "or sitow 
through. 

Capillary rise in one hour at 20® C. 

Water : Mean 0 0 mm. 

* Printing varnish : Mean 7 mm. 

ExpL 32b. — Size as above. \% of rosin used. 

The method was as before. Precipitation was carried 
out, to give an acid reaction, with 30 c.c. of 10% alum 
solution, corresponding to 6% aluminium sulphate on 
the dry fibre. After filtering, the pulp was washed until 
5 to f) litres of wash water were obtained. This was slightly 
cloudy. 

A determination of silica in the wash water gave 1*0669 |m. 
SiOa. 

The amount originally added was 1*520 gm. Therefore, 
70% of the Si02 passes into the wash water, leavifig*30% in 
the pulp ; the silica absorption thus amounts to 0*91% on 
the air-dried material. 

Properties of the Paper, — Strength ; Breaking length, 
3,800 mm., or 160 m. higher than that of unsized paper from 
the same raw material. The stretch had increased by 
..0*-^,i.e.,to3*55%. 

H!feiwl’':.and rattle : Better than with pure rosin sizing. 

Colour : White, as for the raw material. 

Besiat/jice to ink : Standard ink did not run, and still 
did'not thow through. 
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C5ft|rilhwry rise in We hour at 20® C. 

Watfir : Mean 6 mm. 

Erinting varnish : Mean 7 mm. 

Tl^e ash on tjiis paper was determined, in order to measure 
the loading, in the next experiment, and was found to be 
2-82%. \ • * 

ExpL 32c. — Size as above, corresponding to 1% of rosin, 
with the addition of 20% of china clay. 

The method was the same as in the previous experiment, 
but after the addition of the size 10 gm. of china clay as pulp 
were added . The amount added corresponded to 20% of the 
air-dried pulp. 

Properties of the Paper , — Strength : The breaking length 
was 3,340 m., about 300 m. lower than that of unsized and 
unloaded paper. The diminution of 300 m. is however 
small in comparison with the 1,200 m. diminution for loaded 
paper sized with the ordinary 3% rosin size. The stretch, 
3' 13%, was almost unchanged. 

Handle, and rattle : Better than for paper loaded, but not 
sized. 

Colour : As white as the original material. 

Resistance to ink : Standard ink ran easily and showed 
through to some extent. 

Capillary rise in one hour at 20° 0. 

\feter : Mean : 11 mm. 

Printing varnish : Mean 7 mm. 

In order to estimate the absorption of china clay the paper 
was ignited and found to give 14*19% ash. 

This 14*19% ash contains (14*19 — 2*82) = 11*37% of 
ignited china clay, or 13*15% of actual china clay. 

The paper thus contained 13*15% of china clay, or 6<}% 
of the amount added. 

There is therefore an increased fixation of 4%, osculated 
on the amount of clay added, over that obtained wl^h the 
expensive 3% rosin size : at the, same time, the diminution 
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• of strength is only one-fourth of that produced m the latter 
case. , 

Corresponding with^the size used in Expts. 32, some 
rosin powder was saponified with an amount of monosilicate 
containing twenty times the quantity of alkali requisite for 
complete' reaction. . . * . , 

Preparation of Size for Ex.pi. 3^. — By experiment 1 gm. 
of rosin needed l.*158 gm. NagO. 100 gm. of monos^cate, 
according to analysis, contained 3*621 gm. NagO.; the 
amount of silicate needed for saponification is therefore 
31*98 gm. Twenty times this quantity, i.c., 6^0 girl, of 
monosilicatc, was therefore used in preparing the size. 
1 gm. of rosin was stirred in the cold with 640 gm. of mono- 
silicate solution, and then made up to 1,000 c.c. with hot 
water. - No trace of silica was precipitated. The solution 
then contained in addition to 1 gm. of rosin, 22*40 gm. of 
silicic acid. 

Expt, 33. — Size prepared as above. The amount added 
corresponds to | % of rosin on the dry pulp. 

250 c.c. of size were added to 2 litres of pulp (— 50 gm. air- 
dried material). After stirring for half an hour the mixture 
wag precipitated with 205 c.c. of 10% alum solution. 250 c.c. 
of size in the absence of fibre use up 180 c.c. of alum solution, 
so that 205 p.c. gave an acid reaction. After a further half 
hour’s stirring, the mixture was filtered. The wash water 
was milky ; it was therefore added again to the pulp and 
treated with 100 c.c. of alum solution. The total amount of 
alum used was consequently 305 c.c" of 1.0% solution. The 
reaction of the pulp was strongly acid. After a quarter of an 
hour’s stirring, the pulp was again filtered, washed and 
sampled. The wash water was clearer, but still milky. 

Determination of vsilica in the wash water gave 2*5486 gm. 
SiOg. Thus 46% of the SiOg had passed into the wash water, 
64^"^.- :»naining in the pulp. 

Trife absorption of silica by the pulp was therefore 6*10% 
of the r»^eight of the pulp, 

. ' Properties of the Paper . — Strength : The breaking length 
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was 2,300 m., no less than 1,300 m. under that of the unsized 
paper. The extension had diminished Iw about 1 % to 2*09%. 

Handle and. rattle : Not much bufeter than with plain 
rosin sizing^. 

Colour : White as that of the original pulp. 

Resistance to* ink' 'Standard ink showed through dis- 
tinctly and ran somewhat, 

Expt. 33 is therefore considerably less sucKjessful as regards 
strength and ink resistance. The large amount of aluminium 
sulphate required, together witli the higher Y)rice of mono- 
silicate, appears to render the use of this compound im- 
practicable. 

Sizing by the Method of (k Sommer, of Reval (D.R.P. 
No. 257,810). — The second of the patents alreadj^ mentioned 
in the introduction to this chapter depending on the- use of 
silicate in conjunction with rosin is that of G. Sommer of 
Reval (Russia), This patent. No. 257,816, Kl. 55c, is dated 
March 13th, 1913, and the claim runs as follows : — 

“ Method of paper sizing in which rosin is mixed with 
bases or basic salts at a temyicrature so low that no silicic 
acid is set free, and characterised by the fact that the mixing 
is carried out in so dilute a solution that the mixture maj^ be 
added directly to the ijulp.” 

Since Sommer gives no practical example in the patent 
specification, the following size mixture was prepared as a 
trial. 

Prepardtion of Size for Expf, 34. — 0-5 gm. of rosin, finely 
pulverised in a mortar was treated with a solution of 
2*5 gm. 30° Be. silicate in 220 c.c. of w^ater (i.e., a very dilute 
solution). After some stirring, comx>lete solution took place. 
No silicic acid separated. The dilution was about 1 in 85. 

Size for Kxpi, 35. — 0*5 gm. of rosin was disvsolvod in 
230 c.c. of silicate solution containing 2*5 gm. of solid silicate 
(7*05 gm. 38° Be. silicate). No separation of silica ^^uxted. 
Dilution of silicate 1 in 33. ^ 

. In both cases an excess of alkali was present, so ';hat all 
the rosin might be saponified. 



. eo SODIUM SILICATE FOR SIZING^ OF PAPER 

Sizing experiments were then carried out wfth the, two 
preparations. < 

Expt. 34. — Size prepared as described. 1% rosjn and 5% 
38° Be. silicate. 

The size was added to 2 litres of pulp, corresponding to 
60 gm. of air-dried material, and, stiried for half hour. 
It was then treated (weak acid reaction) with 25 c.c.lof 10% 
alum solution, ecjuivalent to 5% of crystal alum on ^he air- 
dry material. After a further half hour’s stirrikg the 
mixture was filtered, washed and sampled. Examinaiion of 
the wash water gave 0-2639 gm. SiOg. 

The amount originally added was 0-6399- gm. and thus 
41% of the SiOa passes into the wash water, .69% remaining 
in the pulp. 

This' represents fixation of 0-7.5% of SiOg on the air-dry 
material. 

Expt, 35. — Size prepared as described. 1% rosin and 5% 
silicate (calculated as anhydrous silicate). 

The size was added to 2 litres of pulp, stirred for half an 
hour and treated with 35 c.c. of 10% alum solution 7% 
crystal alum calculated on the dry material). After a further 
haK-hour’s stirring, the mixture was filtered, washed and 
sampled. 

Examination of the Wash Water, 

Used : 2*5 gm. anhydrous silicate = 1-8480 gm. SiOjj. 

Found in wash water : 0-7031 gm. SiOg-* 

Thus 38% of the SiOg has passed into the wash water, 62% 
remaining in the pulp. 

This represents fixation of 2-29% SiOg on the dry material. 

Properties of the Paper produced in Expts, 34 and 35. — 

Handle and rattle : Better than with pure rosin size. 

Polour : White as the original material. 

KKNWfonce to ink : Standard ink does not run or show 
througl^ 

A further experiment using half the amount of rosin was 
nbw carried out. 
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S^t 36>— rosin and 6% anhydrous silicate. 

Method as above. In order to give weak acid reaction gn 
precipitation 41 c.c. 10% alum solu/ion were used, cprre- 
spending tp 8-2% of crystal alum on the dry pulp. 

Properties of the Paper . — Strength : The breaking length 
of the sized paper was 4,260 m., about 60 m. higher than that 
of the unsized material. For the sake of comparison it may 
be mentioned that, when using |% of pure rosin in the form 
of a free rosin emulsion, the strength of the sized paper was 
about 180 m. higher than that of the unsized paper. The 
extension Iiad diminished by 0-47% to 3%. 

Handle and rattle : Rather better than with pure rosin 
size. 

Resistance to ink : Standard ink ran somewhat and showed 
through. 

Capillary rise in one hour at 20® C. : 

Water : Mean 21 mm. 

Printing varnish : Mean 7*2 mm. 

Cdlour ; The colour was as white as that of the unsized 
material. 

The use of free rosin emulsions is also mentioned in»the 
patent specification, and for the sake of completeness an 
experiment on these lines was carried out. • 

Expt. 37 . — \% rosin in the form of emulsion, and 5% 
anhydrous silicate. 

25 c.c.'^of a 25% rosin emulsion, corresponding to 0*5 gm. 
of free rosin was-mixed with 50 c.c. of a silicate solution 
containing 5 gm. of anhydrous silicate, and made up to 
200 c.c. No separation of silicic acid was observed. The 
solution was^clear and of a brown colour. 

Two litres of pulp, containing 50 gm. of dry material, were 
treated with 100 c.c. of the above size solution. A|ter». 
stirring for half an hour the mixture was treated v/WP-So c.c. 
of 10% alum solution (=7% crystal alum on tl^e air-dry 
•pulp). After another half hour’s stirring, the mixture was 
filtered, washed and sampled. 
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Properties of the Paper . — ^Handle and rattle : Better than 
with pure rosin sizing. 

Colour : White as tW unsized paper. 

Resistance to ink : Standard ink runs less than in Expts. 
36.and 37, but still shows through. _ . • • • 

The forgoing experiments show .that' the biethod o|[ paper 
sizing protected by G. Sommer in D!R.P. No. 26'A816 is 
suited for practickl use. \ 

An examination of the numerical results of all the psin- 
silicate sizing experiments brings out once more, the 'good 
values for strength obtained with sizes containing silicate. 
In particular, the superiority of the rosin-Silicate size is 
shown with the loaded papers when only |% of rosin is used. 
The reduction of breaking length from that of the normally 
sized and unloaded paper is here about 900 m. less than that 
of a loaded paper normally sized with 3% resin. At the 
same time about 4% more loading is retained. • ' 

Further, there is found an increase in the capillarj’ rise of 
the paper sized with rosin and silicate, both in respect to 
water and to printing varnish. Papers which are sized only 
with rosin have also a considerable capillary action on 
printing varnish, with the result that the printing varnish 
dissolves the precipitated rosin size, thus diminishing.'-the 
sharpness alf the edge of the letters in printing, and so, 
especially in rapid printing, leading to a blurring of the type. 
In the rosin-silicate combination there is also ,a capillary 
action favourable to the penetration, of aqueous solutions. 

A great advantage of the use of silicate in combination 
with rosin consists in the greater whiteness of the paper pro- 
duced, and in the fact that yellowing on exposure to daylight 
is, as far as has been seen up to the present, almost entirely 
prevented. 



CHAPTER m 


SJLICMB AND PATTY ACIDS 

The use of fatty acids for sizing paper is ancient practice. 
Canson * was the first who used stearic and other fatty acids 
for this purpose. Since even before the war these acids 
were costly, the author has used much cheaper varieties, 
viz., soya bean oil and cotton-seed oil (made by Henkel & Co., 
in Dusseldorf). 

Saponification of the Fatty Acids with Soda ![jYe. — 
According to information supplied by Henkel & Co., the 
fatty acids in question have the following characteristic 
properties. 


iSoya Bean Oil. j Cotton-seed Oil. 


Melting point 

20“-30° 

30°-40° 

Saponification number . 

198 

203-9 

Percentage free fatty acid 

92-73 

, 88-79 

Iodine number 

120-130 

110-120 

Acid number 

183-6 

181 


The saponification number of both oils was checked and 
can be taken as correct. It is expressed as a number of 
milligrams of potassium hydrate which are necessary for 
the saponification of 1 gm. of an oil or wax. 

Soya Bean Oil Soap . — ^The saponification number shows 
that 19*8 gm. of potassium hydroxide, or 14-12 gm. of sodium 
hydroxide are necessary for the saponification of ICi^gm. of 
the soya bean oil. 

, 20 gm. of the above oils were saponified, requiring a 

* Hofmann’s “ Handbuch der Papierfabykatioj,” II., Anfl., 1895, Sd. H. ^ • 
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nominal 2*824 gm. of sodium hydroxide, or 2**6 c.c, of a 
a*6% solution of caustic soda. 

The operation was'carried out in a" porcelain, dish on a 
water bath, with continual stirring. 

The 'resultant soap solution was dissolyed in hot water 
and made up to 1,000 c.c. in a measuring flask. The colour 
of the solution was bright brown. 

100 gm. of the cotton-seed oil required : — 

14*54 gm. of sodium hydroxide ; or 
20*39 gm. of potassium hydroxide. 

20 gm. of material were treated with 30*3 c.c. of the above 
approximate 10% caustic soda solution. 

The procedure adopted was exactly the same as that for 
the soya bean oil. 

After standing for some hours, the solution gradually 
became bright yellow and gelatinous. A slight warming of 
the flask, however, was sufficient to dissolve the soap, and 
keep the mass liquid for several hours. 

(a) Sizing with Normal Sodium Soaps of Fatty Acids. 
— For the sake of comparison with the later experiments on 
sizing with various combinations of silicate and soap, expOTi- . 
ments were first made, using the soaps of the above, fatty 
acids alone.c 

Sizing with Soya Bean Oil Soap. — Expt. 38. — soya 
bean oil in the form of a soda soap. 

To 2 litres of pulp, containing 40 gm. of air-dried cellulose, 
were added 10 c.c. of a soap solution containing the equivalent 
of 0*2 gm. of soya bean oil, the whole being stirred for hal^ 
an hour. The pulp was then treated with 17 c.c. of a 10% 
aluminium sulphate solution to weakly acid reaction. After 
a further half hour’s stirring, it was filtered, washed • and 
sampled. 

Preffm-ties of the Paper . — ^The breaking length was 4,420 m., 
about 280 m. less than that of the unsized paper (4,700 m.). 
The extension showed an unexpected decrease of 0*13% to 
>17%. 
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. Handle %nd rattle •: Similar to that of the original paper. • 

Cfelour : X§llo^li compared to the unsized paper. 

Resistance to infe : Standard ink neither blotted nor pene- 
trated. The writing was, however, fairly visible on the other 
side^. 

. Capillsjy rise*; In.one hour at 20° 0. : 

• • 

Water : -MeUn 0*0 mm. 

Printing varnish : Mean 7 mm. 

Expt 38a. — 1% soya bean oil in the form of soda 
soap. 

In this experiment, the same quantity of soap was used, 
and precipitated by an increased quantity of aluminium 
sulphate solution, viz., 25 c.c. corresponding to' 6*25% of 
crystal alum, calculated on the air-di'ied weight . of the 
cellulose. The reaction of the mixture was then strongly 
acM. ^ The subsequent procedure was as above. 

Properties of the Paper, — ^In comparison with Expt. 38, the 
colour was somewhat brighter, but not so good as that of 
the untreated material. 

Expt, 35. — 1% soya bean oil as soda soap. 

To 2 litres of pulp containing 40 gm. of air-dried cellulose 
were added 20 c.c. of soap solution corresponding to 0*4 gm. 
of soya bean oil, and after treatment as above there were 
added a further 18 c.c. of aluminium sulphate solution to 
weakly acid reaction. 

Propertied of the Paper, — Handle and rattle : Not so good 
as that of the unsized paper. 

Colour ; Yellow when compared to the original unsized 
‘paper. 

Ink resistance : Standard ink did not blot or penetrate, 
but. the visibility of the writing on the reverse side was 
objectionable. The samples picked up the ink badly, and 
were sensitive to the pressure of the pen. 

Expt, 40. — 2|% soya bean oil in the form of soda sdkp. 

This experiment was carried out as above except that 
proportionately greater quantities of oil were used 
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The sizing materials were added to 110 gm. fii air-dried 
pulp until a weakly a(jid reaction was obtained* 

Sjgnpling the pulp was interfered with^ by excessive 
frothing. 

Properties of the Paper. — ^Handle and rattle f Markedly 
inferior to the unsized product, quite'lkibby. 

Colour : Decidedly yellow. 

Resistance to inks : Ordinary inks did not run oi| blot. 

The visibility of the waiting from the back of the paper is, 
however, unsatisfactory. The sample sheets took ink badly 
and their surfaces were too easily marked by a pen. 

Capillary rise in one hour at 20° C. : 

Water : Mt^an 0*0 mm. 

Printing varnish : Mean 7 mm. 

Sizing Experiments with Cottonseed Oil. — Experiments 
were carried out using similar quantities of cotton-seed oil 
to those taken in the previous soya bean oil series. 

Expt. 41. — 1% cotton-seed oil as soda soap. 

Properties of the Paper. — Strength : Here, as in the soya 
bean oil experiments, the tensile strength fell ofrby 2^0 m. 
to a value of 4,440 m. 

the stretch fell 0*15 to 3*15%, a negligible change. 

Handle and rattle : Practically the same as in the utisized 
material. 

Colour : Yellow compared with the white of the unsized 
material. 

Resistance to inks ; Ordinary inks did not run or blot. 
The paper, however, was somewhat transsliicent. 

Capillary rise in one hour at 20° C. : 

Water : Mean 0*0 mm. 

Printing varnish : Mean 7 mm. 

, Expt. 41a. — 1% cotton-seed oil as the soda soap. 

' This 'ifiriperiment is similar to 38a, inasmuch as a large 
quantity of aluminium sulphate was used, and a strongly 
acid pulp. 25 c.c. of the 10% aluminium sulphate solution 
js^ere employed. 
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Exj)>L 4^. — ^This experiment is exEWjtly similar to Expt. 39. 

Expt, 43.-»-»2|% cotton-seed oil as <feoda soap. 

This experiment corresponds exactly to No. 40 which was 
carried ouj with soya bean oil soap. The properties of the 
paper produced. were .similar to those obtained in.Expts: 40 
and 39. 

To conclude the s<5rios of sizing experiments with the soda 
soaps, an experiment witli 5% of cotton-seed oil was carried 
out in order to show how the ill effect of the fatty acids in 
respect to strength, handle, rattle and the writing qualities 
of the paper increases with increasing amounts of these 
materials. 

Expt. 44.-5% cotton-seed oil as the soda soap.* 

Two litres of pulp containing 40 gm. of air-dried cellulose 
were added to 100 c.c. of a soap solution containing 2 gm. of 
cotton-seed oil. The whole was well stirred, and after half 
an hour, 25 c.c. of aluminium sulphate solution containing 
6*25% crystal aluminium sulphate on the weight of the. air- 
dried pulp were added. After a further half an hour it was 
draftied, well washed, and then sampled . The frothing which 
took place was so great that a little alcohol had to be added 
to prevent it. 

Properties of the Paper . — Strength : The breaking length 
fell by 1,650 m. to 2,150 m, when compared with the unsized 
paper. The stretch went down by 2*07% to 167%. 

Handle and rattle : The paper was quite soft with woolly 
surface. 

Resistance to Iriks : The paper took up hardly any ink, 
.and was particularly sensitive to pen pressure. The ini?: was 
easily visible from the back of the paper. 

Colour : Yellow. 

Capillary rise in one hour at 20° C. : 

Water : Mean 0*0 mm. 

Printing varnish : Mean 8 mm. 

• Expts. 38 to 44 have, therefore, shown that the use of soya 
l^an oil and cotton-seed oil soaps fcr the sizing of paphr 
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should not exceed 1%, beyond which the strength, hai^e, 
rattle and general printing qualities of the papevare mark^y 
affected and the deterioration is, moreover,, a loss to be 
added to cost of material. 

The abpve statements are also confirmed by Klemm in his 
lecture on “ The Problem of Rosin Substitutes, •'j where, 
speaking of fats and waxes, he says that their small effect in 
comparison to that of rosin is to be ascribed to tqeir low 
melting-points (between 20° and 40° C. in the cas^s con- 
sidered), especially in view of the sintering phenojnena 
which rosin exhibits when paper containing it is 'heated on 
the drying cylinders. 

(&) Sizing with Soda Soaps of Fatty Acids con- 
taining Excess of Alkali. — ^A few experiments are inter- 
polated here which, although they are not immediately 
concerned with silicate sizing, have a certain bearing 
upon it. 

If a completely saponified soda soap which has been made 
with sodium hydroxide is brought into distilled water its 
solution is clear ; if caustic soda is now added a precipitate 
is formed locally which disappears on stirring : when 
sufficient caustic has been added, however, a precipitation 
of anhydrous soap takes place owing to the diminution 
of the hydrolysis of the soda soap. 

On the addition of soap solution to water of about nine or 
ten German degrees of hardness, a precipitation takes place, 
probably of the calcium soap. If caustic soda is also added, 
a large precipitate of sodium soap is produced. 

The above phenomena were quantitatively illustrated by 
two titrations : — 

(1) To 180 c.c. of distilled water were added, by means of 
a pipette, 10 c.c. of soap solution. 40% caustic soda solution 
was then run in from a burette until a permanent precipitate 
was^btffiined. 9*1 c.c. were required. 

(2) 180 c.c. of tap water (10° hardness) were treated as 
above, and only 5*9 c.c. of caustic soda were required to 
•produce a permanent precipitate. 
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*Pie formation of calcium soap in hard water, therefore, 
appears to be of some importance. 

In the course of another experiment both of the fatty acids 
already u^d were saponified with fourteen times the calcu- 
lated quantity, of caustic soda solution. These strong 
alkaline’solutiqns gave \jfith tap water an immediate separa- 
tion of calcium soap“, together, probably, with some sodium 
soap. If the requisite quantity of aluminium sulphate 
(preferably estimated by titration) were first added to the 
tap water before the separation of the sodium soap, one 
might reasonably expect that the separation of “ aluminium 
soap ” would take place immediately on the addition of the 
fatty acid. 

In the following experiments this reaction was examined. 
In some cases the soap, and, in others, the aluminium sulphate 
solution, was first added to the pulp. 

Expt. 45. — 0-5% soya bean oil saponified with fourteen 
times the calculated quantity of sodium hydroxide. 

Two litres of pulp containing 50 gm. of air-dried cellulose 
were mixed with 25 c.c. of soap solution containing 0*26 gm. 
of soya bean oil, stirred for half an hour, and then mixed 
with 33 c.c. of aluminium sulphate solution (equivalenl; to 
6*6% crystal alum calculated on the air-dried substance) till 
the reaction of the pulp was slightly acid. After a further 
half hour the pulp was filtered, washed and sampled. 

Properties of the Paper . — Handle and rattle : The same as 
in the unsized sample. 

Colour : Nearlylis white as the unsized sample. 

Resistance to inks : Standard inks ran and blotted 
somewhat. 

Capillary rise in one hour at 20° C. : 

Water : 27 mm. 

Printing varnish : 8 mm. 

These changes, unfavomuble as far as ink resistance is 
■ concerned, may be ascribed to the formation of aluminium 
hydroxide. , , ' 
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The existence of a large quantity of free alkali brings 
about the following readtion with the aluminium sulphate : — 

' Al 2 (S 04)3 + 6NaOH = 2A1(0H)3 + SNagSO^. 

The sodium sulphate is removed on .washing. . Tto effect 
of aluminium hydroxide is treated ^m of e fully latei, when 
dealing with silicate and animal glue. 

The clear white 'tint of this sample, compared wi^ that 
of paper sized with the normally saponified fatty adids, is 
due to the filling action of the white aluminium hydt^oxide 
that is deposited. 

Expt. 45a, — As Expt. 45, except that the aluminium 
sulphate was added before the soap. 

Properties of th>e Resultant Pulp. — Except for the ink- 
resistance the properties were the same. The ink-resistance 
was considerably better than that obtained in the foregoing 
experiment : the ink ran less although it showed through to 
some extent. 

Expt. 46. — 0*5% cotton-seed oil with fourteen times the 
calculated quantity of caustic soda. 

The procedure was the same as in Expt. 45. 

Eicpt. 46a. — Procedure as in 46, except that the aluminium 
sulphate was added before the cotton-seed oil. 

Properties «o/ the Paper. — ^The phenomena observed in 
Expts. 45 and 45a were shown in Expts. 46 and 46a some- 
what more markedly. Two parallel experiments were now 
made, using more soap. 

Expt. 47. — 2% soya bean oil with fourteen times the 
calculated quantity of sodium hydroxide. 

The same quantity of pulp as before was sized with 2% 
soya bean oil in the form of its soda soap and. then mixed 
with 68 c.c. 10% aluminium sulphate solution. (That is, 
Jl'6% crystal alum to the air-dried substance.) 

ilx'd. Wa . — ^The same quantities were used as in Expt. 47, 
but tost the aluminium sulphate and then the soap was 
added to the pulp, 

• Properties of the Paper. — ^1^ this case there was no differ- 
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©noe in the ink resistance. In both samples the ink ran/ 
and after a time penetrated the shee£, evidence of the bad 
effect of the aluminium hydroxide formed by the high per- 
centage of soap in the size. 

Summary, — JExpts. ^45 to 47a lead to the conclusion that 
when the soaj)'is added before the aluminium sulphate a 
calcium soap is formed in addition to the aluminium soap : 
on reversing the procedure, however, th^ aluminium soap 
alone is formed. When small qua,ntities of soap (^%) arc 
used the two methods, therefore, give different results, but 
with larger amounts (2%) the proportion of calcium soap 
formed is too* small in comparison with the aluminium soap 
for anj7 difference to be shown. 

The bad effect of aluminium hydroxide on the ink-resistance 
of the paper must again be emphasised. 

Sizing with the Soda Soap of Fatty Acids in con- 
JDNOTION WITH SODIITM SiLICATE. — Expt. 48. — 0*6% of the 
soda soap of soya bean oil (see Expt. 38), and 5% sodium 
silicate. 

To 2 litres of pulp 50 gm. air-dry cellulose) were added 
12*5 c.c. of soap solution (= 0-25 gm. soya bean oil), and 
25 c.c. dilute sodium silicate solution (= 2-5 gm. 38° B6,). 
The whole was stirred for half an hour with 36 c.c.aluminium 
sulphate solution (giving 7*2% aluminium sulphate in respect 
to the dry material). Finally the mixture was filtered, 
washed and sampled. 

An analysis of the washing water gave 0-5400 gm. silicic 
acid. ' 

The original amount used was 0-6550 gm., so that 82% 
silicic acid has passed into the wash water and 18% into the 
pulp. 

Calculated on the dry material this is equivalent to a 
fixation of 0*23% silicic acid. ^ 

Properties of the Paper , — Strength : The breaMng length 
(3,890 m.) was 90 m. higher than that of the unsized sample, 
while the stretch (3*4%) was 0-28% lower. 

Handle and rattle : Better t|Lan m the unsized sample, . 
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Capillaiy rise in one hour at 20® C. : 

Water : 32 mm. 

Printing varnish : 7-3 mm. 


The increased capillary rise for water is an obvious effect 
of the addition of the silicate. , 

Colour : White like the unsized matefiah 
Expt, 49. — 0*6 %‘ cotton-seed oil and 5% hodium Silicate 
solution 38® Be. The procedure was the same as in Ex^t. 48, 
except that cotton-seed oil was used. \ 

Analysis of the wash water gave 0*6336 gm. silicic acid. 
Since 0*6550 gm. was originally taken, thiJs gives 97% 
silicic acid in the washing water, and 3% in the pulp, corre- 
sponding to 0*043% silicic acid in the air-dried material. 

Properties of the Paper . — Strength : The breaking length 
(3,800 m.) w^as the same as that of the unsized paper. The 
stretch (3*45%) was 0*23% greater than that of the unsized 
paper. 

Handle and rattle : Good, like that of the unsized paper. 
Colour : White. 

The following experiment was designed to show the eiBEect 
prodfuced by first precipitating the silicate, subsequently 
adding the soap and again precipitating : — 

Expt. 50.—^% sodium silicate (38® Be.) added fitst and 
then 0*5% soap. The pulp was mixed with the diluted 
silicate and stirred for a quarter of an hour a^j^er adding 
aluminium sulphate solution : then followed the addition of 
the cotton-seed oil and another fifteen minufes’ stirring after 
adding the corresponding quantity of aluminium sulphate 
solution to a faintly acid reaction : the whole was then 
stirred for another half hour, filtered, washed and sampled* 
Properties of the Paper . — ^There was no appreciable differ- 
ence between this and Expt. 49. 

In i^e fallowing experiment the amount of silicate was 
further increased to 10% the amount of soap remaining the 
same* 

^Expt/61. — 10% sodiipn sUioate 38® B6. and 0*6% soya 
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befiwi oil. The procedure was exactly the same as before : 
the soap and Sodium silicate were added to the pulp together, 
and then precipitated with 40 c.c. of 10% aluminium sulphate 
solution (corresponding to 8% crystal alum). The mixture 
was* then filtered, washed and sampled. 

Properties of /the Paper • — ^The paper had good handle and 
rattle, and was quiie*as white as the original material. 

To show the^ good effect of silicate in preventing flabbi- 
ness of the paper the following experiment was carried out. 
This experiment is parallel to No. 44, which shows clearly 
the bad effect of 5% fatty acid in the form of soda salt 
with regard fo the strength, handle and rattle of the paper. 
(In practice, the conditions of this experiment* would, of 
course, never obtain.) 

Expt. 52. — 5% cotton-seed oil as soda soap, and 15% 
silicate 38® Be. 

The pulp was first mixed with the soap, next treated with 
aluminium sulphate, then with silicate, and finally with more 
aluminium sulphate. The quantity of aluminium sulphate 
added corresponded to 10% of crystal alum calculated on 
the air-dried material. 

Properties of the Paper , — Strength : The breaking lerfgth 
(4,000 m.) was 200 m. better than that of the unsized paper. 
The stretch had fallen 0-75% to 2-93%. • 

Handle and rattle : The same as that of the unsized paper. 

Colour : yellowish. 

Ink resistance : Standard ink ran and blotted slightly ; 
the paper was eafiy \o write on and had a good surface, 

, Capillary rise in one hour at 20® C. : 

Water : 15 mm. 

Printing varnish : 6*5 mm. 

This experiment showed clearly the positive effects oU 
sizing with silicate, in relation to strength, handle^nd Rattle 
of the paper. The tensile strength (2,350 m.), of the paper 
•from Expt. 52, is nearly 2*6 times as great as that obtained 
in Expt. 44 where 5% fatty acidi>nly;was added. The paper 
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also had good handle and rattle in contrast to the flabbiness 
obtained in Expt. 44, ' * * 

Sizing with an Oil Saponified with Sodium Silioate, 
— ^The saponification was carried out as in the case of 
rosip. Soya bean oil was first treated with, just so much 
silicate as to furnish the alkali equivalent of the faity acid* 
of the oil. - * ^ 

100 gm, of soya bean oil were found to Use 14*!j[2 gm. 
of sodium hydroxide, that is, 10*94% of NagO. '^irect 
analysis of trisilicate showed 100 gm. to contain 7*912 fern, of 
NagO, so that 10*94 gm. would be obtained from 138*27 gm. 
silicate. 

20 gm. .of soya bean oil were mixed in the fcold with 
27*645 gm. of 38® Be. silicate, and kneaded with a pestle 
while b^ing warmed on the water bath. Warm water was 
then added, and the whole boiled up. The final volume was 
made up to 1,000 c.c. 

At the bottom of the vessel there was a thick, finely- 
divided precipitate of silicic acid. The solution became pale 
yellow and slightly turbid on standing. 100 c.c. wer.e pipetted 
out and analysed for silicic acid in the usual way. No trace 
of ^icic acid was found, showing that removal of the alkali 
causes complete precipitation. 

For the sake of completeness, an experiment was carried 
out with the size so prepared. The liquor was not shaken 
before use. 

ExpU 53, — 0*5% soya bean oil completely saponified with 
silicate. 

The experiment was can-ied out with the same quantities ^ 
of pulp and in the same way as before. 

Properties of the Paper.— Strength : The breaking length 
(4,450 m.) was 250 m. greater than that (4,700 rii.) of the 
jmtreated pulp. The stretch, however, showed a diminu- 
tion. ^ 

HaSidle and rattle : The same as that of the original pulp* 

Colour : Slightly yellow compared with that of the original • 
pulp. 



aJiLICATE AND FATTY ACIDS 75 

resistance : Ordinary ink did not run, but the writing 
showed fairly istrongly through the paper. 

The properties of the paper are comparable with those 
obtained in^Expt. 38, where the fatty oil was saponified with 
caustic only. . . 

As was don6 in sizing with rosin, the proportion of silicate 
was now raised so:^rie^ fourteen times. 

5 gm. of Soya bean oil were saponified as before with 
97 gm. of 38° Be. silicate (which is about fourteen times the 
quantity used in Expt. 53), and the volume was made up 
to 1,000 c.c. Very much less precipitate was formed. 

20 c.c. of the clear solution were analysed as before for 
silicic acid ; 0*4929 gm. was found, so that the. 1,000 c.c. 
contained 24*6450 gm. SiOg. 

In the 97 gm. of 38° Be. silicate used for the saponffication 
the silicic acid, according to analysis, amounts to 25*41 gm., 
and, therefore, 25*41—24*65 = 0*76 gm. silicic acid was preci- 
pitated in the saponification, or only 3% of the amount used. 

97% of the silicic acid remained in the solution. 

Am experiment was carried out with this size by way of 
completing the series. 

Bzpl. 54. — 0*5% soya bean oil with fourteen times •the 
quantity of silicate required for saponification. 

The procedure was the same as before. The 4 )roperties of 
the pulp were similar to those obtained in Expt. 51, where 
soap was added instead of silicate. 

It now* seemed advisable to add more silicate. 5 gm. of 
soya bean oil were Saponified with 1 50 gm. of silicate (about 
twenty-one times the alkalinity necessary to saponify the 
fatty acids) and the mixture made up to 1,000 c.c. 

The appearance of the size solution was cloudy, but there 
was no precipitate and none formed on standing. 

1,000 c.c. of the solution were found by analysis to con^ 
tain 39*32 gm. silicic acid. 

According to the analysis of silicate by v. Baorle % Co. 

. (see above), silicate of 38° Be. contains 26*20 gm. silicic acid 
per 100 gm., so that there are in^l50jgm. 39*37 gm. 
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Silicate soap ” caijt thus be prepared in the cold by , the 
union of the requisite amounts of silicate and fatty acid. 
The size is then put into the Hollander in this form, where it 
dissolves and distributes itself through the large volume of 
water, and is tlicn precipitated with alum,*. • ' 

Expt. 55. — 0*5% soya bean oil .saponified witl^* twenty 
times the required quantity of silicate. . ^ 

The sizing was carried out with 50 c.Cf soap solution 
= 0*25 gm. soya bean oil and 7*5 gm. silicate Solution 
38*^ Be., the mixture being precipitated with 33 c.fc. of a 
10% aluminium sulphate solution (equivalent to 6*6% 
crystal alum calculated on the air-dried pulp). 

Calculating on the air-dried cellulose, there were added 
0*5% soya bean oil and 15% silicate of 38"^ Be. strength. 

Properties of the Paper . — Strength : The breaking length 
(3,800 m.) was the same as that of the unsized material. The 
stretch (3*40%) had fallen off by 0*28%. 

Handle and rattle : Better than that of the unsized 
material. 

Capillary rise in one hour at 20° C. : 

,, Water ; 35 mm. 

Printing varnish : 7*5 mm. 

Colour : White, like that of the unsized material. 

With regard to the saponification by means of silicate, 
it was advisable to perform a similar experiment on direct 
saponification in the pulp, seeing that the meltibg-points 
of soya bean oil and cotton-seed oil lie close together at the 
low temperatures of 20° to 30° and 30° to 40° respectively. , 
In such a case, using an amount of silicate insufficient for 
complete saponification, the silica precipitated rfiould remain 
in the pulp as a filling material. 

^ \ The above-mentioned silicate-oil soap, with the silicate-rosin soap already 
described, is fiirotected by the author under D.R.P., No. 320,829, “ The Prepara- 
tion of^ilicate Soap.” In the further patent specifications for this process the 
viscous silicate soap is brought to a nearly 6ry condition by the addition ol 
filling material, thus facilitating transport in cheap packages. In a fourth daim, . 
the addition of a dry precipitating agent {e.g., acid salt) is protected. This salt 
ekerts its precipitating action sooiq as solution takes pl^ce in the Hollander, 
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JExfi. 6^. — 0'6% soya bean oil completely saponified in’ 
the’pulp wifclj water glass. * 

Two litres .of pulp containing 60 gm. of the air-dried 
material were warmed to 40° on the water bath, and then 
0*25 gm. of soya bean oil was added and the whole stiirod 
rapidly.* When. the -temperature had risen some degrees, a 
quantity of silicate wa^‘ added just sufficient for complete 
saponificatiOTi of tlie oil (Expt. 53). After half an hour’s 
stirring, the mixture was precipitated while still at 40° with 
aluminium sulphate. 

Properties of the Paper . — ^The paper had good handle and 
rattle, and was much the same as the paper sized with soap 
and sihcate, but with a fainter colour. 

Ordinary ink ran and blotted considerably, proof that the 
whole of the silicate was taken up by the pulp, for tho 0-6% 
soya bean oil soap would not have made the ink run. (See 
Expl^. 38 and 53.) 

In practice, saponification in the Hollander would be 
uneconomical owing to the cost of heating the pulp to '40°. 

The experiments on sizing with silicate and fatty acid 
were brought to a conclusion by an experiment in which 
soya bean oil was saponified with the monosilicata of 
metasilioic acid. 

It has been seen that 100 gm. of soya be^n oil require 
14-12 gm. NaOH (i.e., 10-94 gm. NajO) for complete saponifi- 
cation. 

It was found that 100 gm. of monosilieate contained 
3-621 gm. NagO. -^^ce 100 gm. of fatty acid require 
302-13 gm. of monosilicate, or 20 gm, require 60-43 gm., few 
complete saponification. 

20 gm. of soya bean oil were, therefore, mixed with 
60-43 gm. oif the monosilicate (equivalent to 120-86 gm. of 
the prepared solution) and warmed on the water bath, then 
diluted with warm water and further warmed. 'She vol«ne 
was finally brought up to 1,000 c.e. 

A niwiilRr result was again obtained, as was to be expected; 
the whole of the silicic acid was precipitated as with tljie 
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trisilicate of metasilicic acid. 50 c.c. of the pale yellow, 
slightly turbid size solution showed no trace ot silicic acid on 
analysis. 

An experiment was carried out with the clear upper portion 
of the size solution. . . , , 

Expt 57. — 0-5% soya bean oil completely s’apomfied with 
monosilicate, and precipitated with * aluminium \ sulphate 
amounting to 5% of crystalline sulphate on the Vir-dried 
material. 

Properties of the Paper, — Strength: The breaking length 
(4,435 m.) had fallen off by 205 m. from that of tiie original 
material. The stretch showed no noticeable decrease. 

Handle and rattle: The same as that of the original 
material. 

Colour : Pale yellow compared to that of the original 
material. 

Ink resistance : Ordinary ink neither ran nor blotted, but 
the writing showed through very strongly. 

The above properties corresponded closely with those 
obtained in Expt. 38 (complete saponification with NaOH) 
and those obtained in Expt. 53 (complete saponification with 
trisilicate), as was to be expected. 

Finally, it should be mentioned that in connectiop^' with 
the patent 9f G. Sommer, of Reval (D.R.P., No. 257,816, 
see above), an attempt was made to saponify the fatty oils 
in cold, very dilute silicate solution. It was not found 
possible to break up the fat sufficiently finely with a glass 
rod to obtain an emulsion (as has b"e^ done in the case 
of rosin). If the fat were melted to obtain better mixing, ^ 
it immediately solidified on contact with the cold silicate 
solution. 

It should, however, be possible to obtain an emulsion of 
fatty acid in very dilute water glass solution with the help 
of»a mechanical emulsifier. 

Thfe also holds for D.R.P., No. 320,829 [the introduction 
of fatty acids into an excess of silicate]. Here also, for cold • 
saponification, the fatty acid should be introduced in a 

r * 
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sufficiently^ fine state of division tlurough the jet of the’ 
etaulsifier into the undiluted of 38° to 40° Be. silicate. 

On looking .back over the results obtained in the experi- 
me^ on sizing with siUcate and fatty acids, and with fatty 
aci^B alond, the increase of tensile strength in the case of 
treatment with .silicate is very clearly seen. The action of 
thd silicate is brought oht particularly strongly in the case 
of 5% fatty *acid, where the use of silicate^ has increased the 
tensile strength’ by 80% over that obtained with pure fatty 
acid size, to say nothing of the better handle and rattle. 

An experiment that is particularly noteworthy is that 
with silicate and silicate soap, according to D.R.P., 
No. 320,829, for the use of only 0-5% fatty acid would keep 
the cost within normal limits. For cheaper papers one could 
increase the ratio of silicate to fatty acid. 

It will be seen that, as with the silicate-rosin mixture, 
the absorptive capacity of the paper was raised by the use 
of silicate. 



CHAPTER IV 


SILICATE AND ANIMAL GLEE 

As already mentioned in the introduction, Ernst^Altmann 
has D.R.P. (No. 28,375, February 29th, 1915),'. on the 
application of a suspension of talc in gelatine to the prepara- 
tion of paper size, and later another patent (Nd. 288,106) 
broadening the above, on the application of a. suspension of 
talc in gelatine and soda. It is a question, in the first place, 
of the flocculation of the hydroxides of silicon and mag- 
nesiunr contained in the hot talc paste, and, in the second 
place, of the flocculation of the alkali silicates formed by the 
alkali carbonate as a very soluble gelatinous mass of hy(kated 
silica. 

This method of sizing will be considered at the end of 
this chapter. But the more favourable effect of talc as a 
loading compared with that of china clay, observed in 
Chapter I. of this work (Expts. 3d, 3d', 3d"), may be pointed 
out here. 

Quite independently of these, experiments were carried 
out in which a combination of animal glue and silicate was 
used as a sizing agent. 

Peeliminary Expeeiments.— To a solutioh of aninml 
glue a quantity of silicate was added,, and then 10% 
aluminium sulphate solution, until the reaction was slightly 
acid ; a thick flocculent precipitate appeared ; no further* 
precipitate was produced in the filtrate with tannin. All 
the animal glue had, therefore, been precipitated by- the 
^^silicate. 

• In a second experiment, in which animal glue solution was 
mixdd with aluminium sulphate alone, no visible precipitate 
was found, yet on the addition of tannic acid a precipitate, 
appeared. 


80 
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Th^e olj^ervations suggested that |k systematic series of ’ 
precipitations^ at the same degree of dilution should bo 
caijjfed out. .To avoid errors, the following facts ,were 
first established : — 

(a) Silicate spbition gave no precipitate with tannin. 

(b) Aluminium solution mixed wdth tannin gave no 
precipitate. 

(c) Silicate solution much diluted with aluminium sulphate 
solution gave a white cloudiness, but there was no precipitate 
or flocculation on the addition of tannin solution. 

(d) Silicate and animal glue mixed gave a precipitate with 
tannin. 

(e) Some unsized pulp was filtered off on a fine sieve and 
the filtrate treated with tannin ; this produced neither a 
precipitate of organic matter nor a coagulation of the fine 
filaments in the filtrate from the pulp. 

Pr^ipitation Experiments, — (1) Two litres of tap water 
in a measuring cylinder were treated with 10 c.c. of a 
5% solution of glue, corresponding to a 1% sizing, and 
then with^ aluminium sulphate solution, until the reaction 
was acid ; no visible precipitate was formed until the 
addition of tannin. 

(2) Proportions as in experiment (1), but 5 c.c. of silicate 
solution were added before precipitation witjj aluminium 
sulphate solution. Only a slight cloudiness appeared in the 
acid solution, but precipitation occurred on the addition of 
tannin. • 

(3) Proportions a^ In experiment (2), but 25 c.c. of silicate 
solution (=5% water glass) were added. Aluminium 
sulphate produced only a thick turbidity, and the addition 
of tannin was required to produce flocculation. 

(4) As in experiment (3), but with 50 c.c. silicate solution, 
corresponding to 10% silicate. On adding aluminium 
sulphate until the reaction was acid a heavy #flocculem^ 
precipitate appeared. On treating the filtrate with tatmin, 

Jt gaTe a slight cloudiness which did not coagulate on boiling. 
There was hardly any gelatine in the filtrate, 
aa 
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(5) 20 c.c. of anidial glue, corresponding tos2% sizing, 

were used ; the other quantities were the same hs in expwi- 
ment 4. A precipitate was formed in the- acid solution, 
but did not settle out entirely ; the cloudy filtrate gave a 
fairly heavy precipitate with tannin. , . . . J ' 

(6) Two litres of tap water were again treated wttli 20 c.c. 
of animal glue solution (= 2%), then with 75 c.c.' silicate 
solution, corresponding to sizing with 15% silicate, and 
finally with aluminium sulphate, until the reaction w^ acid. 
A heavy precipitate was immediately formed, which ^ttled 
out leaving a clear solution. In the clear filtrate no gelatine 
could be found on treating with tannin, cveri after boiling. 

These experiments show that, with correct proportions 
of animal glue and silicate, and using sufficient of the latter, 
complete precipitation of the glue together with silica can 
be brought about by aluminium sulphate. 

The following sizing experiments were next carried out : — 

Sizing with Animal Glue. — Exfl. 58. — 2% animal glue 
alone, unprecipitated. 

Two litres of pulp (= 50 gm. of air-dried material) "were 
treated with 20 c.c. of a 5% animal glue solution (= 1 gm. 
gibe), stirred for an hour, and then filtered, washed and 
sampled. 

On treating the 2 litres of filtrate with tannin, there was 
a heavy precipitate, and the glue could still be readily 
detected even in the wash water. 

Properties of the Paper. — ^No appreciable difference from 
the original material was produced. 

Capillary rise in one hour at 20° C. : 

Water : 17 mm. 

Printing varnish : 6 mm. 

Expt. 59, — 2% animal glue and aluminium sulphate. 

‘ The amounts of pulp and glue were the same as in Expt. 68, 
but*after stirring for half an hour 20 c.c. of 10% aluminium 
sulphate solution were added, i.e., 4% of crystal alum veistseA 
•to the air-dried material. . 
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Wmte Liquor. — In the filtrate fr4in the washing of the • 
material only a slight precipitate was observed on treating 
wi’bh tannin. • On boiling, the precipitate became rather more 
obvious. The ash content of the paper was determined in 
order to find the absorption of loading in future experiments.* 
The ash amounted ’to 0;87%. 

Properties of the Pa<per . — Strength : The breaking length 
was 5,975 ra., compared with 5,600 m. for j/aper sized with glue 
and 4,600 m. for the unsized paper. TJie stretch was 2*98%, 
which is 0-21% higher than for the unsized paper. 

Handle and rattle : Considerably better than for the 
unsized paper. 

Colour : Rather dull compared with the unsized material. 

Resistance to inks : Ordinary inks did not run to any 
extent, but penetrated in some places. 

Capillary rise in one liour at 20° : 

. * Water : 9 mm. 

Printing varnish : 6 mm. 

*Expt. ,60. — 5% animal glue with aluminium sulphate. 
50 c.c. of a 5% glue solution 2-5 gm. air-dried glue) were 
added to the same amount of pulp as in Expt. 58. • 

Precipitation was effected by 25 c.c. of aluminium sulphate 
solution, i.e., 5% of crystal alum on the dry material. 

Considerable amounts of glue were precipitated by tannin 
from the filtrate. Even in the wash water a certain amount 
could he detected. 

Properties of* the Strength : The breaking length 

had risen to 5,975 m., as compared with 5,600 m. for paper 
sized with 2% of glue and 4,600 m. for the unsized paper. 
The stretch, was 2*98%, or 0-21% higher than for the unsized 
paper. * 

Handle and rattle : Considerably better than for the un- 
sized sample. 

Colour : Dull compared with the unsized paper. 

Resistance to ink ; ' Standard ink did not run, but pene- 
trated the paper in some places^ The additional expenditiire 

* o 2 
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of glue is out of pro^rtion to the improremeat in ink 
resistance. 

Capillary rise in one hour at 20® C. : 

Water : 5*75 mm. 

Printing varnish : 6 mm. 

Sizing with Silicate and Glue'.-— 61.- -2'^^ glue 
and 10% silicate of 38® Be. 

The quantities of pulp and glue were the same ks in 
Expt. 69, but 10% of silicate (referred to the air-dried 
material) was added to the pulp in addition to the glue, and 
after stirring for half an hour the mass was precipitated 
with 10% crystal alum. 

In the filtrate traces of gelatine w'crc present. 

Estimation of Silica . — ^The analysis of the waste liquor 
was not possible, owing to the breaking of the evaporating 
basin. The silica content of the paper was, therefore,- 
estiniated from its ash value in comparison with that of the 
paper made in Expt. 69. 

For this and for future estimations of the loading the 
ash of the paper was determined, and found to be 2*43%. 

Subtracting from this ash content of 2-43% the 0’87% 
of ash of the paper sized with 2% animal glue alofie in 
Expt. 69, w» obtain a difference of 1'66 gm., which can be 
attributed to the silica content. Since the sizing material 
consisted of 2% animal glue with 10% watei; glass con- 
taining 26-20% silica, the proportion of the silica fixed is 
69-60%. 

Accordingly, about 60% of the silica occurs in the material, 
and about 40% in the waste liquor. The amount of silica 
absorbed by the paper amounts to about 1-66% of the air- 
dried material. 

, In all probability the amount of silica absorbed should 
slightly' lower, since a small portion of the ash must be 
attributed to aluminium hydroxide formed on precipitation, 
and to the increased absorption of animal glue. The amount 
of* silica retained is, howevgr, about 20% greats' with the 
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silicate-gliie size than when 10% ot 38“ Be. silicate alone • 
was used. In the latter case (Expts. 2 and 2a) only 4,6% 
of silica was retained, against 60% in the present experiment. 

Strength : The breaking length was 6,680 m., an increase 
of. 1,080 m. oyer that of the unsized paper, and so rSither 
higher*(80 ih.) thaSi in the application of animal glue and 
aluminium sulphate *alone (Expt. 59). The stretch was 
2*64%, a drop of 0*13% compared with that of the unsized 
paper. 

Handle and rattle : Very good. 

Capiirary rise in one hour at 20° C. : 

Water : 15 mm. 

Printing varnish : 0-60 mm. 

Colour : White, like that of the unsized sample. • 

Expt. 62. — 6% animal glue and 20% of 38° Be. silicate. 

The quantities of pulp and glue were the same as in 
Expt. 60, but with the animal glue was mixed 20% of silicate 
solution of 38° Be., referred to the air-dried material, and then 
pfecipitution was carried out with 95 c.c. aluminium sulphate 
solution (i.e., 17% crystal alum). 

In the filtrate, before washing, a slight precipitate was 
produced with tannin ; in the wash water itself no precipitate 
appeared, even on boiling, whereas in Expt. fiO (where 6% 
of animal glue was precipitated alone) a considerable amount 
remained in the filtrate, and a precipitate even appeared in 
the wa^ water. 

Capillary rise in one hour at 20° : 

Water : 14 mm. 

Printing varnish : 6-6 mm. 

• In order to study the influence of silicate and animal glue, 
and of animal glue alone, on the fixation of loading, the 
following experiments were now carried out • 

Ex^, 63. — 2% glue and 20% of talc with aluviniom 
sulphate. 

The glue and the talc were mixed together on a water 



86 SODIUM SILICATE FOR SI23NG OF TAPER 

• 6ath at 70°, and then i>oured hot into the pulp ; .the maBS 
was precipitated with 4% crystal alum, referred to the air- 
dried ipaterial, as in Expt. 69. 

Only quite small amounts of glue could b'e detected in 
the ffltrate by boiling with tannin. . j . 

The amount of ash found on ignition \^as 13‘12%. 

This 13-12% of ash contains 13-12 — 0-87'= 12-26% of 
ignited talc, since 0-87% of the sized but unweighted paper 
was ash (Expt. 69). 12-26% of ignited talc corresponds to 

13*38% of unheated talc. Thus there was 13-38% of talc 
in the paper, or 67% of the amount taken. 

Properties of the Paper. — Strength : The breaking length 
was 4,430 m., which is 170 m. less than that of the un- 
sized and unweighted paper. The stretch was 2-6%, which 
is 0-17% less than that of the unsized paper. 

Handle and rattle : Worse than for the unsized and 
unweighted paper. 

Resistance to inks : This had deteriorated very much 
compared with the sized but unloaded paper (Expt. 69) ; 
ordinary inks ran on the smface, roughened by the absorption 
of fiUer, and blotted readily. 

C^illary rise in one hour at 20° C. : 

Water ; 14 mm. 

Printing varnish : 6-8 mm. 

Colour : Nearly as white as the unsized raw material. 

Expt. 64. — 2% animal glue, 10% of silicate, and ^0% of 
talc. 

The glue, silicate, and talc were hiixed together in the 
ordinary way and heated to 80° ; the hot mixtiu-e was 
pomed into the pulp ; afterwards it was precipitated with 
10% of crystal alum, as in Expt. 61. ‘ 

The filtrate and wash water were free from animal glue ; 
even on boilmg with tannin no precipitate formed. 

Hie ^per contained 16-23% of ash. 

From this 16-23% ash 2-43% must be subtracted as the 
ash. of the sized but unweighted paper (Expt. 61) leaving 
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16'23 — 2-43 = 13-80% of ignited tal<}, or 15-05% unheated • 
talc. 

In the papei: there was therefore 15-05% of talc, or 75*25% 
of thb amount taken. 

Pjropertie^ of the Paper . — Strength : The breaking length 
was 4,467 m.; \fhich’is about 130 m. less than that of the 
unsized paper,* but ^till slightly higher (40 m.) than 
that of the loaded paper sized with minimal glue and 
aluminium sulphate. The stretch was 2-61%, which is 
0*16% less than that of the unsized sample. 

Handle and rattle : Almost the same as that of the unsized 
paper. 

Capillary rise in one hour at 20^^ ; 

Water : 19 mm. 

Printing varnish : G mm. 

Colour : As white as the unsized raw material. 

On comparing Expts. 03 and 04 it is seen that, w^hile in 
Expt. 03 the paper contained 13*38% of talc (= 07% of 
the amount of talc taken), in Expt. 04 it contained 15*05% of 
talc (= 7^5% of the amount of talc taken). Thus, there is 
an increase of 8% in the amount of talc fixed in Expt. 64, 
Sample 04 had also a better handle and rattle and its colour 
was whiter ; the negligible increase of tensile strength need 
not be considered. Compared with the un^zed and un- 
loaded paper (Sample 3d'), the above samples show an 
increase.in^the retention of filler of 10% and 18% respec- 
tively. 

Influence of Aluminium Hydkoxide on Sizing with 
Animal Clue. — The reaction of NaOH with aluminium 
sulphate to form aluminium hydroxide has been mentioned 
ali'eady* in connection with the saponification of fatty 
acids with sodium hydroxide solution, and the injurious 
action of aluminium hydroxide with regard to ink reais- 
tance has been discussed. The injurious action^ shows 
itself also, as might be expected, in the presence of animal 
size. 
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The foUo'wing expei^uents were carried out ; — ^ 

(1) NaOH was made to react in the pulp with aluminium 
sulphate. 

(2) Glue and NaOH were treated with alundnium sulphate 
. in the presence of paper pulp. 

Expt. 65. — 0-6% NaOH with aluminium sulphate.* 

To 2 litres of pulp (= 50 gm. of air.-dried cellulose) 26 fern. 
NaOH were added in the form of a standard solutmn, 
stirred for half an hour and then treated i^ith aluminium 
sulphate until the reaction was acid. The further procedure 
was the same as before. ' \ 

Properties of the Paper. — Strength ; The breaking length 
was 4,650 m., about 50 m. higher than that of the' unsized 
paper. The stretch fell by 0-07% to 2-70%. 

Handle and rattle : Almost the same as that of the raw 
material. 

Resistance to ink : Ordinary ink ran rather more than on. 
the unsized samples. 

Capillary rise in one hour at 20° : 

Water : 23 mm. 

Printing varnish : 7 mm. 

« 

Colour : White ll6e the raw material. 

Expt. 66.-2% animal glue and 0*5% NaOH with alum|.r 
nium sulphate. 

Animal glue and NaOH were mixed together in the pulp ; 
precipitation was carried out with aluminium sulphate until 
the reaction of the pulp was acid. 

Properties of the Paper. — Here the resistance to ink and 
the capillary rise are especially important. Ordinary ink 
ran and blotted badly. On comparison with ^Sample 69 
(precipitation with aluminium sulphate only in conjunction 
with 2% glue) where ordinary ink scarcely ran at all and 
blotte^ in a few places the unfavourable effect of 
aluminium hydroxide in relation to ink resistance is brought 
out clearly. On the other hand, the strength was not 
influenced unfavourably by the aluminium hydroxide, as is 
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tliown by JESxpt. 65. It appears likeV that the hydroxide’ 
aets as a eexx\^nting agent. 

4S1ZING wrPH Animal Glue and Loading Rioh in 
SmccA (Talc).* — Sizing was carried out according to the 
patent of *E. Altmann (p. 80), since he always obtained, • 
in addition tb a grfeater economy in glue, a precipitate of 
silica or magnesium* hydroxide, or, in the addition patent, 
of the alkali silicate concerned. 

The chief patent reads : “ The method of sizing is charac- 
terised by the mixing of a suspension of talc and gelatine 
with the^ulp.” 

In an addition patent the process is expanded. The 
claim reads : “ The method for sizing the pulp is character- 
ised by the mixing of soda with the talc to be used.” 

The chief advantages claimed for this method of sizing, 
besides the increased absorptive capacity of the paper, were 
the ready absorption of colouring matter by the silica and 
magnesium hydroxide, and the formation of a protective 
covering for the colouring matter in the precipitate of silica 
and consequent avoidance of fading. In the chief patent 
it was stated as an example that a litre of emulsion should 
contain 6 gm. of white gelatine and 10 gm, best tine-gronnd 
talc, well mixed in hot water at 70°~75°. Five litres of this 
emulsion mixed with the hot pulp should be sufficient for 
100 kilos of printing paper ; a special addition of filler should 
not be necessary, since the talc of the size itself acts as a 
loading material. 

The additions seem to be extraordinarily small, for they 
amount to only 0*025% glue and 0*050% talc referred to the 
^ air-dried cellulose. 

In the SLubsidiary patent commercial ammonia soda 
amounting to 30% of the weight of talc is added, the amount 
added to the pulp, as stated in the original patent, bein^ 
adjusted accordingly. 

The author has carried out experiments with forty tiirlfes the 
. amounts of animal glue and talc given in the patents, since 
no efifect could be produced by the small additions given aboY©. 
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EoopL 67. — 1% white gelatine and 2% talc. ^ solution 
of X)'6 gm. of white gelatine was mixed to a past© with 1 gm.^ 
of talc in 100 c.c. of hot water at 75°, and added to the pujp 
while still hot. After stirring for half an hohr the solution 
- was precipitated with aluminium sulphate solution till the 
pulp was acid. 

Only slight traces of precipitate with tannin occurred in 
the filtrate, even On heating. 

Properties of the Paper . — Handle and rattle : Very gc 

Colour : Almost as white as the original material. \ 

Resistance to ink : Standard ink ran to a corisideralile 
extent, and showed through in places. 

Capillary rise in one hour at 20° : 


, Water : Mean 20 mm. 

Printing varnish ; Mean 6 mm. 


Expt. 68. — 1% wliite gelatine, 2% talc and soda. 

The mixture of talc and soda was in the proportion of 
7 to 3, and was suspended with the gelatine solution in 
100 c.c. of water at 11 The mixture was added to the 
puljp, which was then treated with aluminium sulphate 
solution to give an acid reaction. 

Only a slight turbidity was produced by tannin in the 
filtrate, eveif on heating. 

Properties of the Paper . — Handle and rattle : Very good, 
as in Expt. 67. 

Colour : Almost as white as the original material. 

Resistance to ink : Standard ink ran, but less than in 
Expt. 67, since it was absorbed more quickly. 

Capillary rise in one hour at 20° ; 


Water : Mean 17-2 mm. 

Printing varnish : Mean 7 mm. 

% 

Th# paper is in no sense “ waterproof/' 

Expt 69. — 1% white gelatine with aluminium sulphate. , 
^Amounts of pulp and gelatine as in the previous experi- 
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UteAts. Addition of taimin to the filtrate before washing 
gave a slight precipitate which increased on heating. 

Sroperties of ‘the Paper. — ^The colour was dull as compared 
with samples froin 67 and 68. Standard ink ran considerably 
and* penetrated more quickly than with the other two 
samples.* 

These last three ejqperiments demonstrate the capacity 
of talc, thanks to its colloidal structure, to absorb other 
colloidal substanbes, such as gelatine. Altmann has thus 
based his patent on a property of talc which in recent times 
has also b^en utilised in other substances for similar purposes. 

In the second chapter of this book (Expts. 3a, etc.) 
mention has already been made of the advantages of talc 
over china clay as a loading material as regards the strength 
and stretch of the resulting paper, and it has been pointed 
out that these advantages are probably due to its powers 
of absorbing cellulose hydrates, and to the precipitation of 
magnesium hydroxide and silica from its suspensions. 

On examining the numerical results of the various experi- 
meilts it is, seen that in addition to the increase of 22% in 
the breaking length of paper sized with animal glue over that 
of unsized paper, the addition of silicate causes a further 
increase. The same holds for loaded paper. The increased 
absorption of talc in silicate-gelatine sizing amounts to 32% 
of the absorption in unsized papers. ‘ 

Here also the increase in absorptive capacity of the paper, 
both for aqueous and oily liquids, produced by the addition 
of silicate is noteworthy, since this factor appears to render 
such papers peculiarly suitable in practice for rapid printing. 



CHAPTER V 


SILICATE AND STARCH 

Of the various methods of paper sizifig emplojring silicate, 
probably none has received more attention* than that v^hich 
uses a combination of silicate and starch. One such invipsti- 
gation on this subject is that of Hans Wrede (“ W-Bl. f.^.” 
1913, No. 10, p. 835). In the fifth of his seven- recommenda- 
tions on the application of starch and silicate, the author 
refers to the “ Mineral Starch-sizing ” of printing paper. 
In this connection he draws special attention to the fact 
that in these papers the important point is the readiness 
with which the paper will absorb oil printing inks. Wrede 
used about 3*5% to 5% of silicate and an equal quantity 
of starch, left both to swell up together, added the warm 
mixture to the Hollander, and precipitated it with aluminium 
sulphate till the reaction was acid. According to his 
statements a loss of 30% to 40% of the starch occurs. E. 
Fues, on the other hand, obtained a practically quantitative 
precipitation of starch by very careful neutralisation jnth 
aluminium sulphate. On drying the precipitate of "alumi- 
nium silicate Wrede obtained a white powder, while on 
drying the precipitate produced by adding aluminium 
sulphate to silicate and starch a homy mass results. 

Mention may here be made of the later work of Alfred 
Lutz * on the influence of starch sizing upon the quality of 
the paper. The author proves that the absorption of starch 
by the paper amounts to 73‘2% of the mass taken for- raw 
mixed starch and to only 46*2% for starch paste. 

In the (Sizing carried out by us the starch in the waste 
liqucr was not estimated, since here the main point is the 
strengthening of the paper by silicic acid, and the influence 
* Ber, d, Ba%pto&rB, d» V^reiris d* ZMitoff und P^pk/rcheinik^t, 1907 . 
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til tllfi latter on the properties of paper sized with silicate 
and starch. * 

The^ following introductory experiments were first carried 
out. 

Precipitation Experiments with Starch Paste with- * 
OUT FibIie. — 5 gm. of gotato starch in 200 c.c. of distilled 
water were heated oil"» water bath at 65° till swollen. 

(1) Half this solution was added to | litre*of tap water in a 
tall cylinder. The starch appeared in quite finely-divided 
flakes, but these remained in suspension. On adding 1 c.c. 
of 10% aluminium sulphate solution (== Od gm. crystalline 
sulphate) a \hick flocculent gelatinous mass was formed 
which quickly settled out as a bulky precipitai/e. The 
remaining liquid gave a faintly acid reaction. On filtering, 
the precipitate remained behind as a jelly on the filter, and 
the filtrate was clear. 

(2^ The other half of the starch solution was treated, 
undiluted, with 1 c.c. of 10% aluminium sulphate solution ; 
it showed no appreciable precipitate. On the addition of a 
further 9 ac. of aluminium sulphate solution a finely-divided 
and very voluminous precipitate settled out. The filtering 
took a long time as the precipitate clogged the filter. The 
first experiment was performed again in cylinders with 
2 litres of tap water, as in the sizing. 

(a) 2*6 gm. of soaked starch, corresponding to 6% of 
sizing material on the weight of pulp, gave after some time 
a fine flocculent precipitate which settled out at once. 
This was filtered off and dried. The clear filtrate again gave 
, an abundant starch precipitate wdth aluminium sulphate. 

It is therefore necessary to proceed still further with the 
dilution, which in some cases amounted to 1 in 800, in order 
to obtain complete precipitation of the starch. This also ^ 
corr^ponds with the observations of Lutz (see above^ 
who recommends the use of an amount of wiater equ&l 
to 2,000 to 2,600 times the weight of starch in pre;^ring 
• sheets weighing 100 to 110 gm. per metre with 5% starch 
siising. 
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{&) In a second case 2*6 gm. of swollen 8tarch><.corres|>oiid** 
ing to a 5% starch sizing, were mixed with 2fi00 o*c. of tap 
water, and a few cubic centimetres of aluminium sulphate 
solution added. In this case there was formed a thick 
flocculent precipitate of starch which .was filtered and dried. 

(c) 5 gm. of potato starch were heated with 200 ^.c. water 
and 5 gm. of silicate solution (38° Be.) on a water betth at 
65° C. till swollen. ‘ * \ 

One half of the solution in 2 litres of tap water ga^e a 
fiocculent precipitate as above ; the filtrate in this case also 
gave a further precipitate with aluminium sulphate. \ 

The other half was treated with aluminium sulphate 
solution in 2 litres of tap water till the reaction was faintly 
acid ; the resulting precipitate was filtered and dried, 

Cemiparison of the Dried Precipitates, — [a) Starch paste 
alone precipitated by dilution gave a white powder. 

(6) Starch paste precipitated with aluminium sulphate 
gave a clear homy mass with considerable diminution of 
volume. 

(c) Starch swollen with silicate and precipitated With 
aluminium sulphate, contracted in a similar manner to a 
d^k-yellow horny mass. In this last case we have a 
confirmation of Wrede’s observations (see above). 

According to these experiments the precipitates (6) -and 
(c) are those to be desired for the sizing of paper. 

Systematic sizing experiments and comparison of results 
were now carried out. 

Potato starch was used in all cases as being the cheapest. 

Sizing with Swollen Staech. — D:rpL 70. — 5 gm. swollen 
potato starch. 

Two litres of pulp (== 50 gm. of air-dried cellulose) were 
stirred with 2*5 gm. of potato starch, previously swollen bn a 
water bath at 65°. After stirring for one hour the mixture 
was filtered and washed, and then sampled at a dilution of 
ljinn,p00. 

Waste Liguor , — Fairly clear. 

, Properties of the Paper.— Strength ; the breaking length 
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wm increqised by 350 m. over that of the unsized paper to 
4,160 m. ^ 

•The stretch was 3-76%, an actual increase of 0*08%. 

Handle and* rattle : The rattle is better than that of 
unsized papery .the handle is more substantial. 

Colottr : Dfill while. 

Capillary rise in ona hour at 20"^ C. : 

Water : 30-3 mm. 

Printing varnish : 7 mm. 

Expt .71. — 5% potato starch paste precipitated with 
aluminium g^ulphate till the reaction of the pulp is acid. 

The weights of pulp and starch were exactly as in Expt. 70, 
but after standing for half an hour 18 c.c. of 10% aluminium 
sulphate solution were added, i.e., 3-6% crystal alum referred 
to the air-dried pulp. The reaction of the pulp was then 
acid. 

Waste Liquor , — ^Fairly clear. 

Properties of the Pamper , — Strength : The breaking length 
increased to 4,350 m., higher by 200 m. than in the case of 
the 5% starch sizing without aluminium sulphate, and 
550 m. higher than that of the unsized paper. , 

The stretch was 3*40%, a drop of 0*36% and 0*20% 
respectively. ^ 

Handle and rattle : The rattle was still better than in the 
last experiment. The handle was substantial. 

Capillary "rise in one hour at 20° C. : 

Water.: 28 mm. 

Printing varnish : 6 mm. 

Colour : Yellowish white, duUer than in Expt. 70. 

The paper was incinerated with the object of estimating 
the amount of filter later. The ash was found to amount 

to 0'78%. ^ 

The ash content of the unsized and unweighted papter 
amounted only to 0-42%, so that through the starch %izing 
• the ash content is raised by 0'36%, i.e., an increase of ash 
of 86%. 
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Expt, 72. — 10% swollen starch precipit^^ted with 
aluminium sulphate till reaction is neutral. ^ 

The usual amount of pulp was mixed with 5 gm. of potato 
starch, swollen on a water bath at 65^^, and After stirring for 
half un hour was precipitated with 7 c.c. aluminium sulphate, 
i.e., 1-4% crystal alum referred to air-dried pulp (tiHreaction 
was neutral). 

Waste Liquor Fairly clear ; after filtration a small 
amount was treated in a test tube with boiling BaCl 2 solufl^ion ; 
only a trace of barium sulphate appeared, so that no alui^ina 
can have passed into the waste liquor. ' \ 

Properties of the Paper. — ^Strength : The breaking 
length rose to 4,580 m., 750 m. higher than in thfe unsized 
paper and 200 m. higher than in the feebly acid 5% starch 
sizing. ‘ 

The stretch rose to 3'80%, 12% higher than for the unsized 
sample. . : 

Handle and rattle : Rattle very good ; handle very full 
and substantial. 

Capillary rise in one hour at 20® C. 

Water : 24 mm. 

r 

Printing vamish : 6-6 mm. 

Colour : STellowish white. 

The paper was incinerated with the object of deterinining 
the absorption of loading in a later experiment. The ash 
amounted to 1-10%. 

The ash content of the paper sized wihh 10% starch is 
increased to 1-10% or O' 32% over that of the 6% starch sized^ 
paper, i.e., an increase of ash of 41% ; and by O' 68% over 
that of the unsized paper, i.e., an increase of ash of 162%. 

SiZINO WITH SlUCATB IN CONJUNCTION WITH ' SWOHiffiS 

Stabch. — Expt. 73. — 5% swollen starch and 5% water glass 
(68° B4.) were added separately. Neutral precipitation. 

Tlie quantities of pulp and starch were as in Expt. 71. 
Shortly after the starch 6% water glass of 38° was added., 
to the pulp and after stirring for half an hour was 
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toted with^24% crystalline aluminium sulphate, referred*to * 
air-dried cellulose (till reaction was neutral). 

Ligwor.— Slightly turbid. Analysis of the waste 
Jiquof gave 0*4?)70 gm. SiOg. The amount originally added 
was 0‘6550 gm.j.so that 70 % has passed into the water ajad . 
30% into the pulp. * 

The absorption o&^silicic acid thus amounts to 0*4%, 
referred to the air-dried pulp. 

This small absorption is obviously due to the neutral 
precipitation as has already been shown in the precipitation 
and solution experiments of Chapter I. of this work. 

According* to E. Fues the starch should be taken up almost 
quantitatively. 

Properties of the Paper . — ^Handle and rattle were very 
good, •the paper, however, felt harder than in the sizing 
without silicate. The colour was yellowish white. 

, Eo^pt. 14c, — 6% swollen starch and 10% silicate added 
separately. The quantities of pulp and starch were the same 
as in the last experiment, but 10% instead of 5% silicate 
was added soon after the starch, and was then precipitated 
with 4‘2% crystal alum (tDl the reaction was just acid). 

Waste Liquor , — Slightly turbid. • 

Properties of the Paper , — ^Handle and rattle : Rattle was 
distinctly better than in the last experiment, ^nd in that 
without silicate. The handle was more substantial and 
harder than in the two previous experiments. 

Colour*. Yellowish white, but brighter than when sized 
without silicate^ though the alkaline starch usually gives 
the paper a more distinctly yellow colour. 

Capillary rise in one hour at 20"^ C. 

JSVater : 32 mm. 

Printing varnish : 8 mm. 

Expt. 76.-10% raw starch and 10% silicat^ (38° 

Starch powder, mixed with cold water to a homogej^eous 
.paste, was added to 2 litres of pulp = 50 gm. air-dried 
iielbilose, and then treated with 10% silicate of 38 B6 ; 
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thb whole was stirred for half an hour and then precipitated 
■wyth 4% crystal alum till the pulp was aeid. 

W^te Liquor. — ^MUky. 

Properties of the Paper. — Strength : The breaking length 
WM 4,300 m., 650 m. higher than that of the unsfeed saipple. 
The stretch was raised by 0-35% to 3-5%. 

Handle and rattle : The rattle of tjja paper was goodf ana 
the handle was substantial. 

Capillary rise in one hour at 20° C. : 

Water : 33 mm. 

Printing varnish : 7’6 mm. 

Colour ; The colour was spoilt by the fact that the tap 
water was yellow. It cannot therefore be taken into account. 

In the previous experiments the silicate was mixed, in the 
pulp which already contained the starch ; in the next 
experiments the starch was allowed to swell up with the 
silicate, and the alkaline starch mixed with the silicate, 
thea added to the pulp. 

Sizing with Staech Swollen with Silicate, — Expt.- 76. 
— 6% potato starch swollen with 5% silicate. 

^o the usual amount of pulp were added 2-5 gm. of starch 
which had been heated with 2-5 gm. of silicate on the water 
bath in a total volume of 200 c.c. at 66° C. till swolj^ ; 
after stirring for half an hour 2-4% crystal alum was added 
till the reaction of the pulp was neutral.. The pulp was 
filtered, washed and sampled as before. * . 

Examination of Waste Liquor. — The waste liquor was 
slightly turbid. 

It was found to contain 0*4831 gm. SiOg* 

The amount added at first was 0*6650 gm., and thus 
74% of the silica has passed into the waste liquor and 26% 
into the pulp, which means an absorption of 0*34% of silitao 
^d, refemd to the air-dried cellulose. The absorption d 
silic^ acid was thus somewhat lower than in Expt. 73, 
where the silicate and starch were added separately. 

Properties of the Paper. — ^The breaking length was 4,280 HU, 
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«30 m. higher than that of the sample sized only with *6%' 
starch in E^pt. 71, The extension was 3‘67%, a higher 
^(calue than in the unsized paper. 

Hdndle and Prattle : Very good ; the paper felt substantied, 
but rather* harder than the sample sized with starch in .the. 
absence of siEcate (Expt. 71). 

Colour : Nearly ihat of the bleached raw material, 
although the alkaline starch produces a stronger yellow tint 
and turbidity in the paper. 

An ash determination was carried out in order to calculate 
the amount of loading absorbed in later experiments, and 
gave a figure of 0-955% ash. 

In the following experiment aluminium sulphate solution 
was added till the reaction was acid in order to obtain a 
larger absorption of silicic acid, as the experiments on-solution 
and precipitation in Chapter I. would lead one to expect. 
The. neutral precipitation had been employed in order to 
obtain a better absorption of potato starch as already 
mentioned. 

•Expt. 77. — 5% potato starch swollen with 10% silicate. 
The amounts of pulp and starch were the same as in the last 
experiment, but the starch was heated at 65° till swollen with 
10% silicate (38° Be.) referred to air-dried pulp. It was 
precipitated with 5% crystal alum, referrec^ to air-dried 
cellulose, t.e., till the reaction of the pulp was strongly 
acid. 

EasaminaMon of the WasAe Liquor . — ^The waste liquor was 
almost clear and contained 0-5359 gm. Si02- The original 
amount of silicate contained 1-3100 gm. SiO^ and there- 
fore 41% of the silicic acid has passed into the waste 
liqucHT. 

This (iorresponds to an absorption of 1-58% silicic acid, 
referred to air-dried cellulose. 

This absorption of 59% of the amount of silicjp acid tal^Cn 
is no less than 19% and 23% greater than for the ijputral 
pnoipitates in Expts. 73 and 76 respectively ; nevertheless 
Jn f<^owing experiments precipitation was carried 
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out* only to neutrality on the ground that the^ataroh, as 
the dearer of the two sizing materials, should especially 
be retained, provided that there is a sufficiency of silicic 
acid. 

Properties of the Paper. — ^Besides good rattle* and sub- 
stantial handle the colour is only slightly lowet than in the 
unsized sample. * 

Capillary rise iil 6ne hour at 20° C. : 

Water : 26 mm. 

Printing varnish : 7-5 mm. 

Expt 78. — 5% starch swollen with 10% silicate (38° B6). 
Amounts of pulp, starch and silicate as in the previous 
experiment ; but precipitated with 4% aluminium sulphate, 
i.e., till the reaction is practically neutral. 

Waste Liquor. — Slightly turbid. 

Properties of the Paper . — Except for the firmer handle?, 
which is explained by a larger absorption of starch, due to 
the precipitation being carried to neutrality, no appreciable 
difference from sample 77 could be noticed. 

The amount of starch was now increased to 10%, referred 
to air-dried cellulose, since Lutz in the work quoted above 
found an appreciable increase in the strength of the paper 
when the pei'centage of starch was raised to this figure. 

Expt. 79. — 10% starch swollen with 10% silicate. 

6 gm. potato-starch were heated with 5 gm. of silicate at 
65° till swollen and added to 2 litres of pulp (= 50 gm. of 
air-dried cellulose). After stirring for half an hour 4*2% 
crystal alum was added (i.e., till practically neutral) and 
the pulp worked up further as usual. 

Waste Liquor . — Slightly turbid. 

Properties of the Paper . — ^The ash content amounted to 
L92%. 

•<Strength^ The breaking length was 4,600 m., 960 m. 
highef than that of the unsized paper and 200^^. higher 
than that of the paper sized with 10% starch paste alone 
(^pt. 72). The breaking length is 300 m. higher than 
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ia the casaof the paper sized with 10% starch in conjunction 
with 10% silicate (Expt. 75). 

• Handle arfd rattle : Very good ; handle is harder also 
than in sample 72. 

Capillary rise-in one hour at 20® C. : 

Water: SOjjnm. 

Printing varnish : 6-66 mm. 

Colour : Yellowish white ; paler than in sample 72. 

The increased strength in the last papers, compared with 
paper not sized with silicate, is probably only due to the 
formation of alkaline starch in the process of swelling with 
silicate.* In order to see to what extent the silicic acid 
precipitate is responsible for this increase, an experiment 
was carried out using the same amount of starch, which was 
swollen by heating with as much aUcali as corresponds to the 
10% silicate in the above experiment. 

100 gm. silicate (38° Be.) were equivalent according to 
analysis to 7-95 gm. = 11 gm. NaOH approximately. 

^ gm. pf silicate (38° Be.) are therefore equivalent to 
0*55 gm. NaOH = 14 c.c. N. NaOH solution. 

5 gm. of potato-starch were accordingly heated with 14^3,c. 
N. NaOH solution in a total volume of 200 c.c. on a water 
bath at 65°. • 

The precipitates of this alkaline starch solution in 2 litres 
of tap water were similar to those observed in the beginning 
of this dbction with starch and silicate pastes ; the only 
discernible difference was that the pure alkaline starch was 
more gelatinous than similar masses of silicate and starch 
pastes. The following experiment was then carried out : 

Expt, 80.# — 10% starch with alkali corresponding to 
10% silicate. The usual weight of pulp was mixed with 
5 gm. of potato-starch, swollen at 65° with 14 c.c. N. NaOH 
solution as described above and precipitated in tie usual way 
with aluigi^iium sulphate solution till the reaction was almost 
neutral. 

Wa^ Liquors. — Slightly turbid. 



102 SODIUM SILICiiTE FOR SIZING OF ^AP^IR 

* 

Properties of the Paper. — Stirength: The bieak^og length 
was 4,400 m. which is only 750 m. above that of the unsized 
sample, so the increase remained the same as in the paper 
sized with pure 10% starch paste (sampl4 72) but the 
breaking length was lower than in the case- of paper sized 
with silicate and starch (sample 79). Tim' stretch was 
4%, an increase of 0-2% and 0-52% ov6i’ samples 72 and 79 
respectively, and of 0-85% over the unsized sample. \ 

Handle and rattle : Very good. The surface filt 
greasy. 

Colour : Yellowish white, duller than sample 79. ' 

Capillary rise in one hour at 20° C. : 

Water : 36 mm. 

. Printing varnish ; 6-83 mm. 

A comparison of the preceding sizing experiments shows 
that the increase of breaking length over that of the unsized 
paper is nearly 27% greater in the case of paper sized with 
silicate and starch than in that of paper sized with pure 
alkaline starch ; this is obviously due to the action of the 
silicic acid precipitate. 

TShe figure for stretch in the last experiment is indeed 
higher, but in hand-made paper too much importance must 
not be attacked to the stretch value. 

In the following experiments the absorption o filling 
materials by paper sized with silicate and starch and with 
starch alone was investigated. 

Expt. 81. — 6% starch swollen with 6% silicate and 20% 
china clay added. The starch and silicate, swollen in the 
usual way at 66°, were added to 2 litres of pulp and 10 gm. 
of china clay were added at once ; after stirring for half 
an hour precipitation was carried out with 2*4 % crystal 
alum, i.e., till reaction was almost neutral. 

^^Waste Li§‘tor. — ^Milky ; due to the presence of a suspension 
of the filling material. 

Estimation of Filling Material. — ^An ash determination on 
the loaded paper gave 13*04% ash. 
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Acoo7di|ig to the incineration of sample 76, out of this 
18*04% of a^h 0‘96% is the ash of sized paper ; therefore 
there is 12*08% of ignited china clay, or 13*98% of .actual 
china clay. • 

•The pap*er therefore contains 70% of the amount of ohina 
clay taken. ** • 

Properties of theXPdper. — Handle and rattle : As good 
as in the unsized and unweighted paper, ‘but the handle is 
much more substantial. 

Colour : Nearly as white as the bleached raw material. 

Capillary rise in one hour at 20° C. : 

. Water : 37 mm. 

Printing varnish : 7 mm. 

EaJpi. 82. — 6% swollen starch with 20% china clay added. 
Amounts of pulp and starch as in Expt. 71. Shortly after 
the- addition of the starch paste, 10 gm. of china clay were 
washed into the pulp ; after stirring for half an hour palpi- 
tation was carried out with 1-5% crystal alum, ».e., till 
reaction was practically neutral. 

Waste Liquor. — ^Milky, due to the presence of loading. 

Capillary rise in one hour at 20° C. : 

Water : 35 mm. 

Printing varnish : 7 mm. 

Estimation of Loading. — The loaded paper contained 
11*43% ash. Subtracting from this 0*78% for the ash of 
the unloaded paper the amotmt of ignited china clay is 
10*65%, corresponding to 12*20% of actual china clay. 

The paper therefore contains 61% of the loading taken. 

Properties of the Paper. — ^Handle and Rattle : Not quite 
so good jas in Expt. 81. The colour is the same. These 
two experiments show that by the application of silicate the 
fixation of loading by the pulp is increased iJV 9% of*the 
weight of loading taken ; that is an increase of abo^t 16% 
in the absorption of china clay. 
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In the following table the fixation of loading in t^e presmt 
experiment is compared with that obtained with unsized 
paper.and with paper treated only with alumindum sulphate 
solution. 


Sample 3c' 

. 47.% fi'xajiion. 

„ 3c" . 

. . 50% ; „ 


. 6t% „ . 

„ 81 . . 

. 70% „ 


The increased fixation of loading by the pulp amounts io 
14% in sample 82 and 23% in sample 81 as compared witk 
the unweighted and unsized paper, that is an 'increase of 
absorption of 30% and 49% respectively on the china clay 
used. 

In the following experiments the absorption of talc by 
paper sized with silicate and starch and with plain starch 
paste was investigated. 

Expt. 83. — 10% starch swollen with 10% silicate, with 
20% talc added. 

6 gm. of potato-starch, swollen with 5 gm. of silicate 
(38° B6.) at 65° C., were added to the pulp ; 10 gm. of talc 
werQ washed in at once and after half an hour’s vigorous 
stirring precipitation was carried out with 4-2% crystal 
alum till the Reaction was almost neutral. 

Waste Liquor . — ^Nearly clear. 

Properties of the Paper . — ^In spite of the high ash content 
the paper has good rattle and substantial handle. The 
colour is as white as in the bleached raw material. 

Estimation of Loading . — ^An estimation of the ash gave 
17-14%. 

Since the ash of the unloaded paper is 1-92% (sample 79), 
the present sample contains 15-22% of ignited talc, that is, 
16-69 % of talc before heating. 

!Jhe paper^therefore contains 83% of the mass taken. 

Exj^. 84. — 10% of swollen starch with 20% of talc added. 

The amounts of pulp and starch were as in Expt. 72; 
shortly after the addition of the starch paste 10 gm. of talc 
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were washed into the pulp ; after stirring lot half an hour’ 
iwecipitation was carried out with 1*4% crystal alupa, 
referred to the air-dried pulp, i.e., till the reaction was nearly 
neutral. • 

Waste Eiqtior, — ^Almost clear. 

Properties ''o^ (he 'Paper. — ^The rattle is rather less good 
than in the prWibifti experiment : handle and colour are 
similar. ' “ • . 

Estimation of Loading. — ^The ash amounted to 14'66%. 

. Subtracting 1-10% for the ash of the unloaded paper 
(sample;72) gives 13-56% of ignited talc, or 14'78 % of talc 
before heating. 

The paper therefore contained 74% of the amount of 
loading taken. 

The increased absorption of talc by the pulp in the paper 
sized with silicate and starch therefore amounted to 9% over 
the. absorption when the paper was sized with raw starch 
paste, that is a 12% increase in the loading. 

In comparison with these results are set out below the talc 
fixation of unsized paper and of paper treated with aluminium 
sulphate only (Chapter I., sample 3d' and 3d"). 

Sample 3d' . . .67% absorption 

„ 3d" . . . 61% 

„ 84 ... 74% 

„ 83 ... 83% 

The inerbase of loading over that in the unsized and 
unweighted paper amounts to 17% for the paper sized with 
starch paste and to 26% for that sized with silicate and starch. 

StTMMAEY OP Staech-sizing Expbeimbnts. — A Com- 
parison of the numerical values for paper sized with silicate 
and stasreh with those for paper sized by other methods 
shows the increased tensile strength of paper sized with 
silicate and starch, as compared with the values for pa^r 
sized \nth raw starch, although these are already hi^Ji. 

The increases in the amount of loading absorbed in the 
silicate combinations are 16% and 12% for china clay and 



m SODIUM SILICATE FOR SIZING OF PAPISR 

• I 

tal6 respectively, compared with the amounts retamed in the 
papor sized with starch alone ; thus the total absorptions of 
minerfi,! loading are 49% and 46% respectively higher than 
in the unsized and unloaded paper. This 'fact, together 
.with the excellent handle and rattle produced, justifies the 
use of potato-starch with silicate, in spite of 'ts'cost. * 



CHAPTER VI 


iJILICATE AND CASEIN 

In ordSf tD complete the series of «i^ng experiments 
with silicate, the latter was also used in conjunction with 
pasein. 

Twq^lutions were prepared ; — 

(а) 6 gm* casein were swollen with water and dissolved with 
just sufficient ammonia, at a gentle heat of 40°, and made 
up to 600 c.c. The amount of ammonia required had been 
previously determined. 

(б) 6 gm. of casein were likewise swollen with water and 
dissolved with 10 c.c. of silicate (1:4 = 2‘5 gm. silicate of 
38° B6.) at a gentle heat of 40° on a water bath, 90 c.c. 
more silicate were added, and the whole made up to exactly 
600 c.c. The solution thus contained 5 gm. of casein and 
26 gm. of water glass of 38° Be. 

Both sizing solutions had the fresh smell of good casein 
and were worked up in succession ; the solutions were pale 
yellow iiA#olour and slightly cloudy. 

Sizma 'WITH Casein in Ammoniacal Solution in con- 
junction WITH SmcATB.— -Eaipi. 85.— 1% casein in NH, 
solution «.rid 5% silicate of 38° B6. 

Two litres of pulp (=60 gm. air-dried cellulose) were 
treated with 60 c.c. of casein solution (a) (= ^ gm. casein) 
and then with 6% silicate of 38° Be. diluted to 1 in 4. It 
vwas then, stirred for half an hour and precipitated with 
aiuminhim sulphate, till the reaction was neutral, with 10 c.c. 
of 10% aluminium sulphate solution (i.e., 2% crystal alum 
deferred to air-dried cellulose). After a further half hotq^ it 
was filtered, washed and sampled. 

ffoafe iiig'ttor.— Turbid and opalescent. 

Sxemimtion of Waste jLigwor.— 0*6070 gm. SiOj was found 
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in the waste liqdor. The 2-5 gm. of silicate used c o nt aine d 
0‘665 gm. SiOa, and therefore 93% of the SiO^ Aas passed 
into liquor, only 7% remaining in the pulp.' 

Referrei? to air-dried cellulose this is an absOrption of only 
O-lP/oSiO,) 

Properties of the Paper. — ^Handle and' rattle’: The rattle- 
is the same as m the unsized raw matbrial ; the handle is 
fuller, more voluminous and softer on the surface thaii in 
the unsized sample. \ 

Colour : Whiter than the bleached unsized ri.w. 
material. " . 

Capillary rise in one hour at 20° C. : 

Water : 46 mm. 

Printing varnish : 8 mm. 

Expt. 86. — 1% casein dissolved with ammonia and 6% 
silicate of 38° Be. . . 

The weights of pulp, casein, and silicate were the same as 
in the' previous experiment, but precipitation was produced 
■with a large excess (6%) of crystalline aluminium sulphate 
(compared with 2% previously used) till the reaction was 
stropgly acid. 

Waste Liquor. — ^Very cloudy, 

ExamiruUiqn of Waste lAquor. — 0-6546 gm. Si02 was fpiitiid 
in the waste liquor, as against 0-6560 gm. originally taken. 
Therefore there is 99-8% of the SiOg in the waste liquor and 
only 0-2% in the pulp. 

In the exi)eriment8 in Chapter I. (Expts. 3 and 3b) it 
was definitely shqwn that in strongly acid precipitation less 
silicic acid was retained in the pulp. Moreover in Expts. 85 
and 86 the amounts of aluminium sulphate represented 
extreme cases (in the first the lower, in the secohd the 
upper limit) ; with some quantity between the two there 
wor.dd probably be a better absorption. 

Properties 'of the Paper. — ^Handle and rattle : The same 
as for the unsized sample. 

Colour : Just as in the unsized raw material. 
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Oapillajry rise in one hour at 20° C. : 

W^er : 25 mm. / ' 

Printjng varnish : 7 mm. . 

It appears al^o that not much of the casein mmains. in 
the pulp, fo#*in coiftrast to sample 85 this papw’had only 
the same jj^ua lfties Jijbs the unsized raw matejiS. The very 
cloudy wasCfi' hquor also points to a large Id^ of casein. 

Sizing with Casein in Silicate Solution. — Ex ^ t . 87 . — 
1% casein dissolved with 5% silicate (38° Be.). 

Qua 4 iJ^ties of pulp as before ; 50 c.c. of sizing solution (5) 
(i.e., 1 gmr of casein and<|^-5 gm. of 38° Be. silicate) were 
added to the pulp and precipitation produced with 2% 
crystal alum. 

Examination of Waste Liquor. — The waste liquor was 
cloudy and op 0 ,lescent. 

In the waste liquor there was found 0-5961 gm. Si02. 

Since the amount originally taken was 0-6550 gm., 91% 
of the silicic acid has passed into the waste liquor, arid 9% 
into the pulp. 

Referred to air-dried cellulose this amounts to an absorp- 
tion of 0-12% SiOj. 

Properties of the Paper. — These correspond to those 
found in the first experiment of this chapter, (Expt. 85) ; 
the breaking length was 4,000 m., or 350 m. better than for 
the unsized paper- The stretch was 3-60%, 0-54% higher 
than in the unsized paper. For the purpose of estimating 
the amount ©f loading present in the following experi- 
ments, the ash of this paper was estimated and found to 
be 0-67%. 

These lower ash values also point to the low content of 
Si02 ; the ash of the cellulose alone amounts to 0-42%. 

Expt. 88. — 5% casein dissolved with 25% silicate. 

This uneconomical sizing experiment was carried out ^gith 
60 gm. of pulp and half of the sizing solution (S) (2-5 vm. of 
casein and 12-6 gm. of silicate of 38° B6.). Precipuation 
was effected with 40 c.c. of 10% aluminium sulphate 
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solution, i.e.,V8% crystal alum referred to ak-dried 
oelMose. 

Liquor, — ^Milky and turbid. 

Prope^i^s of the Paper, — ^Handle and«> rattle The 
rattle of me paper was very good, but it felt Hard and it 
lacked the substance of the sample sized with 1?% caseiniand 
5% silicate. \ 

Colour : Whiter- than the unsized raw mateiiai: 

Capillary rise in one hour at 20"" C. : 


Water : 15 mm. 

Printing varnish : 6 mm. 

ExpL 89. — 1% casein dissolved with 5% silicate and with 
the addition of 20% china clay. 

Quantities of pulp, casein and silicate as in Expt. 87. 
Shortly after the addition of the sizing solution JO gm. of 
china clay, made into a paste, were added to the pulp ; pre- 
cipitation with aluminium sulphate was continued till the 
reaction was slightly acid. 

Waste Liquor , — Turbid. 

Properties of the Paper , — Handle and rattle: Rattle 
aliqost the same as in the unsized and unweighted sample : 
handle not quite so substantial as in the corresponding sized 
but unweighted sample. 

Colour : Almost as white as the bleached and unsized raw 
material. 

Capillary rise in one hour at 20® C. : 

Water : 23 mm. 

Printing varnish : 7 mm. 

Estimation of Loading. — ^The ash amounted to 11-96%, 
After subtracting the ash of the unloaded paper this leaves 
11-38% of ignited china clay, or 13-16% of actual phina clay 
b^ore ignition. The paper thus contains about 66% of the 
amount of taken. 

Ex^L OO, — 1% of casein dissolved with ammonia and 20% 
of china clay. 
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TO the usual amount of pulp were adde^ 60 c.c. of ihe 
sizing solution (o) (= i gm. of casein) and immediately 
afterwards 1® gm. of china clay. After standing for half an 
hour precipitation was carried out with aluminium ^phate 
till reaction was slightly acid. 

. Waate.Uq'UKyr. — Qoudy. 

Properties of th&^ Paper. — Handle and rattle : Battle 
slightly less gopd t^n in the above experiment, and also in 
the unsized sample ; but the handle is more substantial than 
in the preceding experiment. 

Colour : Bather duller than in the last sample. 

EstmiUtion of Loading . — ^The ash amounted to 9-47%, 
corresponding to (9-47 — 0-42) = 9-06% of ignited china 
clay ; it is assumed here that the ash of the sized unloaded 
paper^is the same as that of the unsized raw material. 

9'05%^of ignited china clay corresponds to 10-46% of 
actual china clay and thus the paper had absorbed 52% of 
the'fiUer. 

A comparison of the last two experiments, one -using 
silicate and casein, and the other casein alone, shows that the 
former pfoduces not only a better rattle and paler colour, 
but also an increase of loading content, in this case from 62% 
to 66%, a rise of 14% of china clay, i.e., an increase of 27% 
in the ammmt of china clay absorbed. 

A comparison is also given of the absorption of loading in 
the present experiments with that obtained with unsized 
paper and wi^ paper treated only with aluminium sulphate 
(Chapter I., Expts. 3c' and 3c"). 


Sample 3c' 

47% absorption. 

„ 3c" 

50% 

A 90 

62% 

* .. 89 

66% 


The increase of loading in sample 90 amounts only to 5%, 
but in sample 89 (silicate combination) to 19% compai^ 
■with the loaded and unsized paper (sample 3c'). 

The waste liquor from experiment 89 was not exannned 
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"for fei 02 , yet (be can conclude from the properties of the 
weighted paper that there is a larger content of^iOj than 
in the neutral sizing (Expt. 87) and the similar Itrongly acjd 
precipitetion (Expt. 86). 

Apart from the high price of casein, its combination wjth 
waiier glass does not seem to be very 'Satisfactory. where a 
sizing is carried out in the pulp. If the sizing weretcarried 
out by treating the raw material with silicate ‘and then 
painting the paper with casein, the results might possiSbly be 
more promising ; the large capillary rise shown by paper 
sized with silicate will certainly ensure a good penetration of 
casein ; the handle and rattle also are likely to remain almost 
the same in the painted art printing paper. 

The good capillary rise for water and printing varnish is 
particularly noticeable in paper sized with silicate and casein. 



CHAPTER VII 


. STJMMAEY 

The loregoing records demonstraW the advantages of 
silicate sizing and of sizings in which the silicate is used in 
conjunction with other colloidal materials. 

The greater strength and considerably higher fixation of 
mineral loading in the case of silicate sizing is clearly shown. 
All the’ papers sized with silicate have also better,handle and 
rattle, even when more heavily loaded. The large capillary 
rise for oily liq^uids, and the speed with which thejr are ab- 
sorbed fi importance as regards the suitability of 

the paper for printing, and particularly for rapid printing 
processes. With paper sized with silicate, the smooth surface 
produces a more plastic and sharply defined imprint, which 
ft of particular importance for so-called surface printing. A 
further advantage is the decreased tendency to yellowing in 
papers made from unbleached pulp, or from pulp containing 
rosin size in addition to the silicate. 

Silicate sizing is also of importance in facilitating the 
working of the paper machine. Papers thus treated work 
very freely at the press rolls, are easily removed from the 
wires, and are readUy dehydrated at the suction boxes. As 
regards the recovery of material from the wash waters, the 
silicate content assists the precipitation of filling materials 
and fine fibres, even though these are present only in small 
quantities.. 

To all these good qualities must be added the relatively 
smaller cost of the silicate. 

The foregoing work demonstrates clearly tjjat for m^y 
printing papers sizing with rosin may be entirely d^nsed 
with, even to the last fractional proportions supposed to be 
necessary ; in the case of papers for rapid printing, they are 
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rathpr harmful. 'Silicate &ing ha this most important class 
of papers not only serves the same purposes, ljut actually 
excels resinous or fatty ‘Sizes in all the essential teohnicah 
effects. 

.SjOiicate sizing is also effective in the case of papers which 
are engine coloured with dye-stuffs.^ Th^ ^iJsorptlon jof ’ 
colouring matter is increased by the absorptive capacity ^of 
silicic acid, and in addition the precipitation of silicic ac]|d 
forms a protective coating round the particles of colouir, 
thereby retarding the fading of very fugitive tints. 

The chief advantages of silicate sizing may again be 
summarised as follows ; — 

(1) Good, working on the paper machine. 

(2) No sticking at the presses. 

(3) As*a result of (1) and (2), smaller consumption of*felts. 

(4) Rapid and complete sedimentation of inachine 
water. 

(5) Increased strength. 

(6) Better handle and rattle to the paper. 

(7) Higher fixation of loading while retaining the handle 
of the paper. 

{Sy Large capillary rise for oils and a smooth surface 
(printing qualities). 

(9) Flatness of cut sheets of the paper. 

(10) Increased absorption and fixation of dye-stuffs. 
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